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ADVERTISEMENT. 



In the Tenth Edition of this work a Con- 
versation was added on the Steam-engine, 
a machine which contributes so abundantly 
to the wealth, power, and happiness of this 
country, that the Author considered it as 
deserving of particular attention. 

In the Eleventh Edition, Chlorine has 

been substituted inf. /th^ oxy- 

muriatic acid; dje .theory. K>f the latter 
being considered: as* ei^rdt>edti«', and that of 
the former fvlly^ e^£al>|iisl)^v: V 

The present Edition has been revised 
throughout, and the Conversation on 
Electro-Chemistry has undergone consi- 
derable alterations. 
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PREFACE. 



In venturing to offer to the public, and 
more particularly to the female sex, an 
Introduction to Chemistry, the Author, 
hereelf a woman, conceives that some ex- 
planation may be required ; and she ieels it 
tiie more necessary to apologise for the pre- 
sent underta.ki;"^, a3 .her knavledge of the 
-subject is but rficeot.. and ,as she can have 
no real claims to thc.titie pf chemist 

On attending, im ,tJie first time, experi- 
mental lectures, the Author found it almost 
impossible to derive any clear or satisfac- 
-tory information from the rapid demon- 
strations which are usually, and perhaps 
necessarily, crowded into popular courses 
.of this kind. But frequent opportunities 
■having afterwards occurred of conversing 
A 3 
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perimeniV 



with a friend on the subject of chemi 
and of repeating a variety of experimei 
she became better acquainted with the 
principles of that science, and began to 
fee! highly interested in its pursuit. It was 
tJien that ahe perceived, in attending the 
excellent lectures delivered at the Royal 
Institution, by Sir Humphry Davy, the 
great advantage which her previous know- 
ledge of the subject, slight as it was, gave 
her over others who had not enjoyed the 
same means of private instruction. Every 
fact or experiment attracted her atten- 
tion, and served to explain some theory to 
whichshe}4ii^<nb);A iot^H hti^ger ; and she 
had the grati^c^tioii.'to.KnU 'that the nu- 
merous and ete^jml"J31tJ9tfations, for which 
that school i!i;iQariYlcti:dUtinguished, seldom 
tailed to produce on' Vier"inind the effect 
for which they were intended. 

Hence it was natural to infer, that fami- 
liar conversation was, in studies of this kind, 
a most useful auxiliary source of inform- 
ation ; and more especially to the female 
sex, whose education is seldom calculated 



prepare their minds for abstract ideas, 

scientific language. 

As, however, there are but few women 
'ho have access to tliis mode of instruction, 
id as tlie Author was not acquainted witli 
ly book that could prove a substitute for 

she thought that it might be useful for 
^ginners, as well as satisfactory to lierself j 
trace the steps by which she had acquired 
(r little stock of chemical knowledge, and 

record, in the form of dialogue, those 
eas whicii she had first derived from 
inversation. 

But to do this with sufficient method, 
jQd to fix upon a mode of arrangement, 
as an object of some difficulty. After 
luch hesitation, and a degree of embarrass- 
snt, which, probably, the most competent 
lemical writers have often felt in common 
ith the most superficial, a mode of divi- 
Son was adopted, which, though the most 
tural, does not always admit of being 
•ictly pursued — it is that of treating first 

the simplest bodies, and then graduiilly 
ling to the most intricate compounds. 



It is not the Author's intention to enl 
into a minute vindication of this plan. Bill 
whatever may be its advantages or incon- 
veniences, the method adopted in this work 
is such, that a young pupil, who should 
only recur to it occasionally with a view to 
procure information on particular subjects, 
might often find it obscure or unsatisfactory; 
for its various parts are so connected with 
each other as to form an uninterrupted chain 
of facts and reasonings, which will appear 
sufficiently clear and consistent to those 
only wJio may have patience to go through 
the whole work, or have previously devoted 
some attention to the subject. 

It will, no doubt, be observed, that in 
the course of these Conversations, remarks 
are often introduced, which appear much 
too acute for the young pupils, by whom 
they are supposed to be made. Of this 
iault the Author is fully aware. But, in 
order to avoid it, it would have been ne- 
cessary either to omit a variety of useful 
illustrations, or to submit to such minute 
explanations and frequent repetitions as 



would have rendered the work tedious, 
and therefore less suited to its intended 
purpose. 

In writing these pages, the Author was 
•more than once checked in her progress 
by the apprehension that such an attempt 
might be considered by some, either as 
unsuited to the ordinary pursuits ofher sex, 
or ill-justified by her own imperfect know- 
'ledge of the subject. But, on the one hand, 
she felt encouraged by the establishment 
'of those pubhc institutions, open to both 
'sexes, for the dissemination of philosophical 
"knowledge, which clearly prove that the 
general opinion no longer excludes women 
'from an acquaintance with the elements of 
'science ; and, on the other, she flattered 
^"herself that whilst the impressions made 
'opon her mind, by the wonders of Nature, 
latudied in this new point of view, were still 
tfresh and strong, she might, perhaps, suc- 
ceed the better in communicating to others 
^he sentiments she herself experienced. 

The reader will perceive, in perusing this 
ffork, that he is supposed to have previously 
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acquired some slight knowledge of natur; 
philosophy, a circumstance so desirabli 
that the author has, since the original pul 
lication of this work, been induced to ofR 
the public a small tract, entitled " Coi 
versations on Natural Philosophy," in whic 
the most essential rudiments of that scienc 
are familiarly explained. 
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CONVERSATION t. 

ON THE GENERAL PRINCIPLES OP CHEMISTRY. 



MRS. B. 

As you have now acquired some elementary 
notions of NatuAal Philosophy, I am going to 
propose to you another branch of science to which 
I dm particularly anxious that you should devote a 
share of your attention. This is Chemistry, which 
is so closely connected with Natural Philosophy, 
that the study of the one must be incomplete with- 
out some knowledge of the other ; for it is obvious 
that we can derive but a very imperfect idea of 
ladies from the study of the general laws by which 
they are governed, if we remain totally ignorant of 
their intimate nature. 

CAROLINE. 

To confess the truth, Mrs. B., I am not disposed 
to form a very favourable idea of chemistry, nor 
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do I expect to derive much entertaiDinent fromift 
I prefer sciences which exhibit nature on a graul 
scale, to those that are confined to the minutife </ 
pet^ details. Can the studies which we baie 
lately pursued, the general properties of matter, 
the revolutions of the heavenly bodleii, be con^ 
pared to the mixing up of a few insignificant drugs! 
I grant, however, there may be entertaining ex- 
periments in chemistry, and should not dislike t» 
try some of them : the distiUing, for instauce, (t 
lavender or rose-water. 



I rather imagine, my dear Caroline, that yoor 
want of taste for chemistry proceeds from the vaj 
limited idea you entertain of its object. You cMh 
fine the chemist's laboratory to the narrow pre- 
cincts of the apothecary's and perfumer's sbop^ 
whilst it is subservient to an immense variety ti 
higher and more useful purposes. Besides, mj 
dear, chemistry is by no means confined to workt 
of art. Nature also has her laboratory, which i| 
the universe, and there she is incessandy employed 
in chemical operations. You are surprised. Cam- 
lire; but I assure you that the most wonderftl 
and the most interesting phenomena of nature ait 
almost all of them produced by chemical powers. 
What Bergman, in the introduction to his histoij 
of chemistry, has said of this science, will give yoM 
S more just and enlarged idea of it. He obs-ema, 
that the knowledge of nature may be divided ii 



i 



three periods. TTie 6rst is that in which the at- 
tention of men is occupied in learning the exter- 
lal forms and characters of objects : this is called 
Katwal History. In the second, they consider the 
s of bodies acting on each otlier by their me- 
r chanical power, as their weight and motion ; which 
\ constitutes the science of A'a/M/'a/PAi/osop^. The 
I third period is that in which the properties and 
i mutual action of the elementary parts of bodies are 
ll investigated : this last is tlie science of Chemistrt, 
ind I doubt not you will soon agree with nie in 
thinking it the most interesting. 



Chemical action and properties of the elements 
f bodies ! Oh, Mrs. B., that sounds alarmingly 
BScult. 

MRS. B. 

thout entering into the minute details of 
practical chemistry, or penetrating into the pro- 
^und depths of the science, a woman may obtain 
aicli a knowledge of chemistry as will not only 
throw an interest on the common occurrences of 
life, but will enlarge the sphere of her ideas, and 
render the contemplation of nature a source of 
delightful instruction. 

CAROLINE. 

If this is the case, I have certainly been much 
mistaken in the notion I had formed of Chemistry. 
I own that I thought it was chiefly confined to the 
I knowledge and preparation of medicines. 
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MRS. D. 

That is only a branch of chemistry, which' 
called Pharmacy ; and, though the stircly of it i!^ 
no doubt, of great imporlance to tlte world at larg^ 
it belongs exclusively to professional men, and i5' 
therefore the last that I should advise you to put" 
sue. 

EMILY. 

Did not the chemists formerly employ themselvd 
in search of the philosopher's stone, or the secriil 
of making gold ? 

MUS, b. 

These were a particular set of misguided phil» 
sophers, who dignified themselves wifh the name 
of Alchemists, to distinguish their pursuits from 
those of the common chemists, whose studies were ■ 
confined to the knowledge of medicines. 

But, since that period, chemistry has undergooS 
so complete a revolution, that, from an obscure anil 
mysterious art, it is now become a regular sad 
beautiful science, towhich art is entirely subservieiitt 
It is true, however, that we are indebted to thk 
alchemists for many very useful discoveries, whidl 
sprung from their fruitless attempts to make gol^ 
and which, undoubtedly, have proved of infinitelj 
greater advantage to mankind than could have 
resulted from succeeding in their chimerical pur- 
suits. 

The modern chemists^ instead of directing thfA 
ambition to the vain attempt of producing any tf 
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le original substances in nature, rather aim at 

iSlysing and imitating her combinations, and Iiave 

sometimes succeeded in forming compounds, or 

L effecting decompositions, no instances of which oc- 

"""^jr in the chemistry of Nature. They have little 

eason to regret their inability to make gold, whilst, 

ly their innumerable inventions and discoveries, 

liey have so greatly stimulated industry and facili- 

ited labour, as prodigiously to increase the luxu- 

es as well as the necessaries of life. 

EMILY. 

But I do not understand by what means che- 
nistry can facilitate labour : is not that rather the 
Tovince of the mechanic? 

MRS. B. 

There are many ways by which labour may be 
endered more easy, independently of mechanics; 
lUt mechanical inventions themselves of^en derive 
heir utility from a chemical principle. Such, for 
istance, as that most wonderful of all machines, 
be Steam-engine. In agriculture, a chemical 
knowledge of the nature of soils, and of vegetation, 
may become highly useful ; and in those arts which 
relate to the comforts and conveniences of life, it 
would be endless to enumerate the advantages 
which result from the study of this science^ 

CAROLINE. 

I But pray tell us more precisely in what manner 
the discoveries of chemists have proved so bene- 
ficifil to society. 

B 3 
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MRS. B. 

That would be an injudicious anticipation; fw 
you would not comprehend the nature of such d* 
coveries and useful applications, so well as yoii wil 
do hereafter. Without a due regard to mcthoci, 
we cannot expect to make any progress in chemif 
try. I wish to direct your observations chiefly to 
the chemical operations of Nature ; but those ol 
Art are certainly of too high importance to pasi 
wholly unnoticed ; we shall therefore allow them 
also some share of our attention. 

EMILY. 

Well, then, let us now set to work regularly, 
am very anxious to begin. 



The object of chemistry is to obtain a knowledge 
of the intimate nature of bodies, and of their muttul 
action on each other. You find, therefore, Caroline^ 
that this is no narrow or confined science, which 
comprehends every thing material within 
sphere. 

CARDLIKE. 

On the contrary, it must be inexhaustible; and I 
am at a loss to conceive how any proficiency can be 
made in a science whose objects are so numerous, 

MRS. B. 

If every individual substance were formed of dif^ 
ierent materials, the study of chemistry would, in. 
deed, be endless ; but you must observe that the I 
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Imrious bodies in nature are composed of certain 
Blementary principles which are not verynumerous. 

CAROLINE. 

Yes i I know that all bodies are composed of 6re, 
r, earth, and water ; that I learnt many years ago. 

MRS. B. 

But you must now endeavour to forget it. I 

'have already informed you what a great change 

Jieraistry has undergone since it has become a re- 

Igular science. Within these fifty years especially. 

Bit has experienced an entire revolution, and it ii 

^ow proved, that neither air, earth, nor water, 
lean be called elementary bodies. For an element- 
■ sry body is one that has never been decomposed, 
I that is to say, separated into other substances : and 

air, earth, and water, are all of them susceptible 

of decomposition. 

EMILV. 

I thought that decomposing a body was dividing 
it into its imnutest parts. And if so, I do notnn- 
derstand whyan elementary substance is not capable 
of being decomposed, as well as any other. 

You have misconceived the idea of rfeconyxMiyton,- 
it is very different from mere division. The latter 
simply reduces a body into parts, but the former 
separates it into the various ingredients, or mate- 
rials, of which it is composed. If we were to take 
a loaf of bread, and separate the several ingredients 
B 4 
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of which it is made, the flour, the yest, the salt,! 
and the water, it would be very different (rom c 
ting or crumbling the loaf into pieces. 

EMILY. 

I understand you now very well. To decom^V 
pose a body is to separate from each other the va-l 
rious elementary substances of which it c 

CAROLINE. 

But flour, water, and other materials of bi 
according to your deflnilion, are not elemenl 
substances. 

MRS. B. 

No, my dear; I mentioned bread, rather as 
familiar comparison, to illustrate the idea, than as 
fti) example. 

The elementary substances of which a body ii 
composed are called the consUtueiit parts of that 
body : in decomposing it, therefore, we separate its 
constituent parts. If, oh the contrary, we divide 
a body by chopping it to pieces, or even by grind- 
ing or pounding it to the finest powder, each €£ 
these small particles will still consist of a poFtion 
of the several constituent parts of the whole body : 
these are called the infegratii parts. Do you uuder- 
stand the difference? 

EMILY. 

Yes, I think, perfectly. We decompose a body 
into its constituent parts; and divide it into its in~ 
tegrant parts. 



MRS. B. 

Exactly so. If therefore a body consists of only 
me kind of substance, though it may be divided 
•^o its integrant parts, it is not possible to decom- 
pose it. Such bodies are therefore caUed simple, 
or elementary, as they are the elements of wl^h 
all other bodies are composed. Compound bodies 
are such as consist of more than one of these 
(flementa«y principles. 

CAROLINE. 

But do not iire, air, earth, and water, consist^ 
!tach of them, but of one kind of substance ? 



' No, my dear; they are every one of them sus- 
ceptible of being separated into various sioiple 
bodies. Instead of four, chemists now reckon no 
less than fifty-eight elementary substances. Tlie 
existence of most of these is established by the 
clearestexperiments ; but in regard toafewof them, 
particularly the most subtle agents of nature, lieal^ 
light, and electricity, there is yet much uncertainty, 
and I can only give you the opinions which are 
deduced from the latest discoveries. After I 
have furnished you with a list of the elementary 
bodies, classed according to their properties, we 
shall proceed to examine each of them separately, 
and tlien consider them jn their combinations with 
each other. 

I , The most simple form of bodies is that of a metal. 
B 5 
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CAROLINE. 

You astonish me ! I thought the metals 
onlyoneciassornimerals,and that nature aboil 
with other bodies, such as earth, stones, rockSi 
acids, alkalies, vapours, fluids, and the whole of 
the animal and vegetable creation. 



You have made a tolerably good enumeration, 
though I fear not arranged in the most scientific 
order. All these bodies, however, it is now 
strongly believed, may be ultimately resolved into 
metallic substances. Your surprise at this cir- 
cumstance is not singular, as the decomposition 
of some of them, which has been but lately ac- 
complished, has excited the wonder of the wbolfl 
philosophical world. 

But to return to the list of simple bodies— these 
being usually found in combination with oxygen, 
I shall class them according to their properties 
when so combined. This will, I think, facilitate 
their future investigation. 

EMILY. 

Pray, what is oxygen? 

MRS. B. 

A simple body ; at least, one that is supposed 
to be so, as it has never been decomposed. It wiH 
be one of the first of the elementary bodies whose 
properties I shall explain to you, and, as you will 
soon perceive, it is one of the most important in 
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nature. The first class comprehends imponder- 
able agents, or bodies without weight ; we know 
but three of this description : but we must now 
Gonfiae our attention to the enumeration and clas- 
^cation of the simple bodies in general. They 
putf be arranged as follow : — 

CLASS I. 

Comprekeadit^ the impotiderable agents, vis. 

HEAT or CALORIC, 
LIGHT, 



CAROHKE. 

^ Heat and light we are well acquainted with ; 
jbut I am rather surprised to hear you call them 

(bodies, 
r URS. B. 

, I have also given them the name of agents, for 
rit is true that some philosophers question their 
materiality. 

EMILY. 

y electricity you mean, I suppose, that fluid 
which is produced by the electrical machine. 

MRS. B. 

Yes ; but the machine is only a means of collect- 
r and condensing electricity, so as to render it 
isible; for this powerful agent, far from being 
tonfined to that apparatus, exists throughout na- 
ture: we see it in the form of lightning darting 
B 6 
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from one cloud to another, nor is there any 1: 
in existence in which it may not be detected. 
We will now proceed to 

CLASS II. 
Comprehending agents capable of uniting with 
_fiammahle bodies, and in most instances of i 
their condm&tion, 

OXYGEN, 

CHLORINE, 
IODINE, 
BROME, 
FLUORINE, 

Of these bodies, the four last are of late 
covery, and the part they perform in nature is 
very insignificant compared with that of oxygen^ 
which I should not hesitate to consider as the mosl 
important of natural agents. 

CAROLINE. 

But these are sorely not the only bodies capable 
of effecting combustion. The earth abounds with 
combustible bodies, so that it is difficult to meet 
with a substance which will not burn. 

MRS. B. 

These agents are not themselves combustible 
bodies, but they produce combustion in other 
bodies by uniting with them, 

CAROLINE. 

They must then be some species of fire, Mrs. 



■B-t for I do not know aay thing else which will 
bnalce things burn. 

I MRS. B. 

I No, they are not fire, nor have they any analogy 
no It ; but I fear that you must suspend your curio- 
bity till we come to treat of combustion. 
I The third class is very extensive, comprehend- 

■ Mig all the substances capable of uniting with those 

■ of the second class, and forming with them va- 
Krious compounds. 

I CAROLINE. 

I These then are the combustible bodies. 

MRS. B. 

They are so; but do not flatteryourself that we 
shall enter upon the subject of combustion at pre- 
sent: we must first labour through the details of this 
long enumeration of simple bodies ; and, in order to 
render it less perplexing, we will consider the third 
class only as it combines with oxygen, setting aside 
chlorine, iodine, and fluorine, for the present. 

This third class is separated into no less than 
five divisions, according to the various sorts of 
compounds which they form by combining with 
oxygen. 

The first division consists of only one substance, 
hydrogen, forming water by its union with oxy- 
gen. 

CLASS III. 

DIVISION 1. 

RYDROGEy, forming water. 



EMILY. 

lliis oxygen is indeed a wonderful subst 
a sort of Proteus, assuming sometimes the form 
of fire, at others that of water. 

URS. B. 

het not your poetical allusions mislead you ; 1« 
oxygen you will find to be neither fire nor wata. 
With bodies comprehended in the second divisiooi 
oxygen forms acids, as follow : — 

DIVISION 3. 

Bodiesjhrming acids. 
VITROGEK, . . .Jormit^ nitric acid. 
RULPHUB, . . . .Jbrming sulphuric acid. 
PHOsraoRUS, .firming phosphoric acid. 

CARBON, firming carbonic acid. 

BORACitTH, . . .firming boracic acid. 
FLtJORiUM, , . .firming fluoric acid. 

CAttOLlNE. 

Well, Mrs. B., what is the next part which thEl 
universal agent has to perform ? 

MRS. D. 

The third division comprehends such of the 
metallic bodies as form alkalies by their udiou 
with oxygen. 



Metallic bodies firming alkalies. 
POTASSIUM, ■ . .firming potash. 
SODIUM, fiirming soda. 




r. 



AMMONIUM, . . forming ammonia. 
LITHIUM, . . . .forming iJthina." 



Nor does the comprehensive agency of oxygea 
stop here ; in the fourth division it converts the 
fcllowbig bodies into earths : — 



Metallic bodiesformittg lime. 
CALCiUMj or metaljorming earths. 
MAGNESIUM, .... .forming magnesia. 

BABIUM, forming barytes. 

STBONTiuM, - . . forming sttontites. 

siLicitJM formii^ silex. 

ALUMINIUM forming alumine. 

YTTRIUM, fonnitig yttria. 

GLUCINIUM, forming glucina. 

aiBcoNiuM, . . . . forming 2xrcom&.\ 
THORiMiUM forming thorina. f 

CAROLINE. 

So then, instead of one single elementary earth, 
Recording to the simple science of the good old 
itmes, we have here nearly a dozen, and all of them 
liompounds. You must acknowledge, Mrs. B., that 

be philosophy of our ancestors had the advantage 

'f simplicity. 

• This fourth alkali wu discovered by Mr. Arfvredson, a 
Swedish chemist, eo recently as the year 1818. 

■{■ Of all these earths, three or four only have as yet been 
btinctly decomposed. 

J Thorina, a new earth discovered by Berzeliua in 18le,ia 

mineral composed of fluoric acid and cerium. 



16 GENKBAL PRINCIPLES H 

MRS. B. 

Simplicity has charms only so far as it accord) 
with truth. I am far from supposing the pFesent 
classification of simple bodies to be perfectly ctrt- 
rect; on the contrary, the investigation and dis- 
coveries of the most celebrated chemists show us 
that occasional alterations already have been, and 
no doubt will continue to be required : but as long 
as every change brings us nearer to the truth, w« 
have no cause to complain of their frequency. I do 
not mean, however, to depreciate the labours of 
our forefathers; we profit by their experience, both 
in avoiding their errors, and in following their steps 
when they were in the right path ; and it is no 
small advantage to be furnished with a hand-post, 
which indicates this is the right way, and that a 
the wrong one. 

CA HOLINE. 

People are very fond of expatiating on the wis- 
dom and experience of our ancestors ; yet we must 
naturally be their superiors, since we have the ad- 
vantage of their accumulation of knowledge to fol- 
low, and of error to avoid ; and it would surely be 
much more rational to talk of the wisdom and ex- 
perience of ourselves and our posterity, than that 
of our ancestors. 

MRS. B. 

I will admit that there is some truth in your 
observation, provided that yon allow that it is not 
devoid of vanity. But we are wandering away 
from our classification of simple bodies. 
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I The fifthdivision comprehends themelals, either 
■tiaturaliyin their metallic state, or, if combined with 
■Oxygen, yielding it to carbon or to heat alone, 

I' EMILY. 

■ But what name do you give to these metals when 
Kmited to oxygen ? 

■ MRS. B. 

I It depends upon the quantity of oxygen with 
B which they are united. A certain proportion con- 
ftyerts them into bodies called oxides ; a more con- 

■ fiiderable dose transforms them into acids : I shall 

■ therefore simply enumerate the names of the me- 
■(als, and we shall hereafter consider them in the 
KState of oxides and of acids. 

■ This division is subdivided into malleable and 
brittle metals. 

DIVISION 5. 

Metals, either naturaUy metallic, or yielding their 

oxygen to carbon or to heal alone. 

Subdivision 1 . 

Malleable metals. 

GOLD, SILVER*, 

PLATINA, MERCURY f, 

PALLADIUM, TIN, 

' These firat four metals have commonly been disdnguished 
b; ibe apiiellacion of perfect or noble metals, on account of 
their possessing the characteristic properties of ductility, 
nulleability, inalterability, and great specific gravity, i 






M ■ t Mercury, ir 

I loalleBble metal. But, when frozen, 

H fble d^ree ofioalleability. 
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COPPER, 


NICKEL, ^m 


IRON, 


^B 


LEAD, 


CADMIVK^^I 




Svhdiv. 2. -^ 


BriUle metah. 


AKSEM1C, 


ANTtMONT, 


BISUDTH, 


MANGANESE, 


SELENIUM f, 


URANIUM, 


TELLDBIUM, 


COLUMBIUM, or 


COBALT, 


TALIUM, 


TUNaSTEN, 


IRIDIUM, 


MOLYBDENUM, OBMIUM, 


TITANIUM, 


RHODIUM, 


CHSOME, 


CERIUM J. 



CABM.INE. 

Well, it must be confessed that this is rathJ 
formidable iist: you will have much to do to ex] 
it, Mrs. B. 



• A metd resembling tin ; which was dJMOVcred 
in an ore of line, by M. Stronieyer. 

\ Selcaium was discovered a few years ago by BerseL 
the ferruginous pyrites of Fahluo in Sweden. It has I 
tallic lustre, but it does not conduct electricity, and is 
bad conductor of caloric. It posses to the state of oxide ami 
acid, so that it ought perhaps more Mrictly be classed with 
mlphur. It nay be dininguiehed by the smell of its vapov, 
which is that «f horseradish. 

X These last four or five metallic bodies are placed under 
thii class iaT the sake of arrangement, though some of thdr 
propenies bare not yet been fiiUy investigated. 



■•^ 



MRS. B. 

chemical division being necessarily founded 
on properties with which you are almost wholly 
unacquafnted, it is impossible that you should at 
once be able to understand Its meaning, or appre- 
ciate its utility. 

EMILY. 

It does not appear to me so difficult : allow me 
to look at it. Here are first the three imponder- 
able agents: then the all potent oxygen, with its in- 
significant associates ; next follow the bodies which 
oxygen metamorphoses, converting one of thetn 
into water, seven into acids, four into alkalies, and 
ten into earths. Finally, there are six malleable, 
and nine brittle metals, upon which oxygen operates 
a double transformation, converting them either 
into oxides or acids, according as it more or less 
predominates. 

MHS. B. 

I am glad to find that you have formed so correct 
an idea of this classification ; for it is, I confess, a 
difficult task to make an arrangement which shall 
be intelligible to beginners. 

But before we proceed farther, it will be neces- 
sary to give you some idea of chemical attraction, 
s power on which the whole science depends. 

Chemical Attraction, or the Attraction of Compo- 
sition, consists in the peculiar tendency which 
bodies of a different nature have to unite with each 
other. It is by this force that all compositions and 
decompositions are effected. 



I 



I 



4D * GENltKAI, wnUCfPVKS 

EMILY, 

What is the difference between chemical attrac- 
tion, and the attraction of cohesion or ofaggreg* 
tion, whieh you mentioned'to us, in our convers- 
ations on natural philosophy ? 

MRS. B. 

The attraction of cohesion exists only between 
particles of the same nature, whether simple or 
compound ; thus it unites the particles of a piece of 
metal, which is a simple substance; and likewise the 
particles of a loaf of bread which is a compound. 
The attraction of composition, on the contrary, 
unites, and maintains in a state of combination, 
particles of a dissimilar nature ; it is this power that 
forms each of the compound particles of which 
bread consists ; and it is by the attraction of co- 
Iiesion that ait these particles are connected into a 
single mass. 

EMILY. 

The attraction of cohesion, then, is the pover 
which unites the integrant particles of a body : the 
attraction of composition that which combines the 
constituent particles. Is it not so ? 

MIt6.U. 

Precisely: and observe, that the attraction o( 
cohesion unites particles of a similar nature, with- 
out changing their original properties : the result 
of such an union, therefore, is a body of the same 
kind as the particles of which it is formed ; wbilst 
the attraction of composition, by combining par^ 
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tides of a dissimilar nature, produces componnd 
bodies, quite different from any of their consti- 
tuents. If, for instance, 1 pour on the piece of 
copper, contained in this glass, some of this liquid 
(which is called nitric acid), for which it has a 
strong attraction, every particle of the copper will 
combine with a particle of acid, and together they 
will form a new body, totally different from either 
the copper or the acid. 

Do you observe the internal commotion that 
already begins to take place? It is produced by 
the combination of these two substances ; and yet 
the acid has in this case to overcome not only the 
resistance which t)i? strong cohesion of the particles 
of copper oppos^ to their combination with it, but 
also to overco;Iie the weight of the copper, which 
makes it sink to the bottom of the glass, and pre- 
vents the acid from having such free access to It as 
it would if the metal were suspended in the liquid. 

EMILY. 

The acid seems, however, to overcome both 
these obstacles without dilliculty, and appears to 
be very rapidly dissolving the copper. 

Mns. B. 
By this means it reduces the copper into more 
miaute parts than could possibly be done by any 
mechanical power. But as the acid can act only 
on the surface of the metal, it will be some time 
before the union of these two bodies will be ccmo- 
pleted. 
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You may, however, already see how totally dif* 
ferent this compound is from either of its ingre- 
dients. It is neither colourless, like the acid, noi 
hard, heavy, and yellow, like the copper. If yon 
tasted it, you would no longer perceive the soitf- 
ness of the acid. It has at present the appearance 
of a blue liquid ; but when the union is completed, 
and the water with which the acid is diluted 
evaporated, the compound will assume the form of 
regular crystals of a fine blue colour, and perfecdj 
transparent.* Of these Icanshowyouaspecimea) 
as I have prepared some for that purpose. 

CAROLINE. 

How very beautiful they are, in colour, fomtj 
and transparency ! Nothing can be more striking 
than this example of chemical attraction, 

MRS. B. 

The term attraction has been lately introduced 
into chemistry as a substitute for the word affinity 
to which some chemists have objected, because it 
originated in the vague notion that chemical com- 
binations depended upon a certain resemblance, or 
relationship, between particles that are disposed to 
unite ; and this idea is not only imperfect, but 
erroneous, as particles of the most dissimilar nature 
have generally the greatest tendency to combine. 

CAROLINE. 

Besides, there seems to be no advantage in using 

• These crystals are more easily obtained from a mistun 
of aulphurlc with a little nitric acid. 
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il variety of terms to express the sane meaning ; 

1 the contrary, it creates confusion; and as we 
; well acquainted witb the term Attraction iu 
(atural philosophy, we had better adopt it in che- 

istry likewise. 

MHS, B. 

If you have a clear idea of the meaning, I shall 
e you at liberty to express it in the terms you 
torefer. For myself, I confess that I think the word 
Attraction best suited to tlie general law that unites 
& integrant particles of bodies ; and Affinity bet- 
r adapted to that which combines the constituent 
f particles, as it may convey an idea of the prefer- 
ence which some bodies have for others, which the 
term attraclion ofcomposilion does not so well ex- 



EMILY. 

So I think; for though that preference may not 
result from any relationship, or similitude, between 
the particles {as you say was once supposed), yet, 
since it really exists, it ought to be expressed. 

MRS. B. 

Well, let it be agreed that we may use the 
terms qffinily, chemical attraction, and attraciicm of 
ctmposiiioJi, indifferently, provided you recollect 
that they have all the same meaning. 

EMILT. 

I do not conceive how bodies can be decomposed 
y chemical attraction. That this power should be 
ihe means of composing themj is very obvious ; but 
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that it should, at the same time, produce exactly the 
contrary effect, appears to me rather paradoxical 

MR^. B. 

To decompose a body is, you know, to separate 
its constituent parts, which, as we have Just ob- 
served, cannot be done by mechanical means, 

EMILY. 

No : because mechanical means separate onl? 
the integrant particles ; they act merely against the 
attraction of cohesion, and only divide a compoiuid 
into smaller parts. 

MR8. B. 

The decomposition of a body is performed by 
chemical powers. If you present to a body com» 
posed of two principles,a third, which has a gre^OE 
affinity for one of them than the two first have for 
eacli other, it will be decomposed ; that is, its twtf. 
principles will be separated by means of the tliiif 
body. Let us call two ingredients, of which the 
body is composed, A and B. If we present to.it 
another ingredient, C, which has a greater affito^ 
for B than that which unites A and B, it neces- 
sarily follows that B will quit A to combine with 
C. The new ingredient, therefore, has eflfecteda 
decomposition of the original body A B ; A hu 
been left alone, and a new compound, B C, has 
been formed. 

EMILY. 

We might, I think, use the comparison of two 
friends who were very happy in each other's societjif 
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nil a third disunited ifaem by the preference which 
Bpne of them gave to the new-comer. 

I Bf RS. B. 

B Very well. 1 shall now show you how this 

Bakes place in chemistry. 

B Let us suppose that we wish to decompose the 
compound we have just formed by the combination 
of the two ingredients, copper and nitric acid; we 
may do this by presenting to it a piece of iron, for 
which the acid has a stronger attraction than for 
copper ; the acid will consequently quit the copper 
to combine with the iron, and the copper will be 
what the chemists ca\[ precipitated; that is to say, it 
will be thrown down in its separate state, and re- 
appear in its simple form. 

In order to produce this effect, I shall dip the 
blade of this knife into the fluid; and, when I take 
it out, you will observe, that, instead of being 
wetted with a bluish liquid, like that contained in 
the glass, it will be covered with a thin coat of 
copper. 

CAROLINE. 

So it is really ! But then is It not the copper, 
instead of the acid, that has combined with the 
iron blade? 

MRS. B. 

No; you are deceived by appearances : it is the 
acidwhich combines with the iron,and, in so doing, 
deposits or precipitates the copper on the surface 

tof the blade. 

I VOL. I. c 



EMILY. 

But are simple substances so exclusive in that 
preferences that three or four cannot combine to- 
gether without any of them being precipitated? 

MRS. B. 

That is sometimes the case : but, in general, the 
stronger affinity destroys the weaker ; and it sel- 
dom happens that the attraction of several sub- 
stances for each other is so equally balanced as a 
produce such complicated compounds. 

CAilOLINE. 

And, pray, Mrs. B., what is the cause of die 
chemical alti-action of bodies for each other ? Il 
appears to me more extraordinary or unnatural, if 
I may use the expression, than the attraction of 
cohesion, which unites particles of a similar nature. 

MRS. B. 

Chemical attraction is, probably, like that of 
cohesion or gravitation, one of the powers inherent 
in matter which, in our present state of knowledgKi 
admits of no other salislaclory explanation than an 
immediate reference to a Divine cause. 

I shall now bid you adieu ; but, before we par^ 
I must recommend you to fix in your memory tb 
names of the simple bodies, against our nextiutep 
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CONVERSATION II. 



ON LIGHT, AND HEAT OR CALORIC. 



CAROLINE. 

We have learned by heart the names of all the 
simple bodies which you have enumerated, and we 
are now i:^ady to enter on the examination of each 
of them successively. You will begin, I suppose^ 

with LIGHT? 

MRS. B. 

Respecting the nature of light we have little 
more than conjectures. It is considered by most 
philosophers as a real substance, immediately 
emanating from the sun, and from all luminous 
bodies, from which it is projected in right lines 
with prodigious velocity. Light, however, being 
imponderable, cannot be confined and examined 
by itself; and, therefore, it is to the effects it pro- 
duces on other bodies, rather than to its immediate 
nature, that we must direct our attention. 

The connection between light and heat is very 
obvious: indeed, it is such, that it is extremely 
difficult to examine the one independently of the 
other. 

c 2 



But, is it possible to separate light from hi 
I thouglit tliey were only different degrees of the 
same thing, (ire. 

Mas. B. 

I have told you that lire was not now considered 
as a simple element. Whether light and heat be 
altogether different agents, or not, I cannot pretend 
to decide ; but, in many cases, light may be sepa- 
rated from heat. The first discovery of this was 
made by a celebrated Swedish chemist, Scheela 
Another very striking illustration of the separatiuo 
of heat and light was long after pointed out by Dr. 
Herschel. This philosopher discovered that these 
two agents were emitted in the rays of the sun, and 
that heat was less refrangible than light ; for, in 
separating the different-coloured rays of liyht byi 
prism (as we did some time ago), he found that the 
greatest heat was beyond the spectrum, at a Uule 
distance from the red rays, which, yoii may recol- 
lect, are the least refrangible. 



I should like to try that experiment. 

MRS. B. 

Mt is by no means an easy one: the heat of a ray 
W light, refracted by a prism, is so small, that it 
requires a very delicate thermometer to distinguish 
the difference of the degree of heat within and with- 
out the spectrum ; for in this experiment the heat 
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is not totally separated from the light, each co- 
loured ray retaining a certain portion of it, though 
the greatest part is not sufficiently refracted to &I1 
within the spectrum. 

EMILY. 

I suppose, then, that those coloured rays which 
are the least refrangible retain the greatest quan- 
tity of heat. 

MRS. B. 

They do so. 

EMILY. 

Though I no longer doubt that light and heat 
can be separated, Dr. Herschell's experiment doeiii 
not appear to me to afford sufficient proof that they 
are essentially different ; for light, which you call 
a simple body, may likewise be divided into the 
different coloured rays. 

MRS. B. 

No doubt there must be some dissimilarity in the 
various-coloured rays. Even their chemical powers 
are different The blue rays, for instance, have the 
greatest effect in separating oxygen from bodies, 
as was found by Scheele ; and there exist, also, as 
Dr. WoUaston has shown, rays more refrangible 
than the blue, which produce the same chemical 
effect, and, what is very remarkable, are invisible. 

EMILY. 

Do you think it possible that heat maybe merely 
A modificatioa of light? 

c 3 



MHS. B. 

That is n supposition whicli, in llie present stt 
tii'natuml philosophy, can neither be positive 
aflirnieil nor denied. Let us, therefore, instead ( 
discussing theoretical points, be contented with' 
vxumining what Is known respecting the chemical 
eilfccts of light 

Light ia capable of entering into a kind of trait 
&itoiy union with certain substances, and this ] 
wLhI 1io9 been called phosphorescence. Bodif 
which are possessed of this property, after beifl 
exjKHed lo the sun's rays, appear luminous in t' 
diirk. The shells of fish, the bones of land ai 
mals, marble, limestone, and a variety of cc^ 
bfatalions of earths, are more or less powerfi! 
f^Mfiliorescent. 

CAROLINE. 

\ lYItK^mber being much surprised last summ 
ViA Hl^ phosphorescent appearance of some piec 
j)Pr(iA«4i wood, which had just been dug out of tk 
^HW M^ ; lii^y shone with so much brightness tbi 
'r^'flrit wpposed them to be giow-worms. 

EMii-y. 
^[(Jd'feVwt tlie light of a glow-worm of a phi 



iii\arkuble instance of phosphi 
-••Mtnls; this property, however, 
. .■MtWMcd by the glow-worm. Thi 
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insect called the lantern-fly, which is peculiar to 
warm climates, emits light as it flies, producing in 
the dark a remarkably sparkling appearance* But 
it is more common to see animal matter in a dead 
state possessed of a phosphorescent quality; sea-fish 
is often eminently so* 

EMILY. 

I have heard that the sea has sometimes had the 
appearance of being illuminated, and that the light 
is supposed to proceed from the spawn of fishes 
floating on its surface. 

MRS. B. 

This light is probably owing to that or some 
other animal matter. Sea-water has been observed 
to become luminous from the substance of a fresh 
herring having been immersed in it ; and certain 
insects, of the Medusa kind, are known to produce 
similar effects. 

But the strongest phosphorescence is produced 
by chemical oompositiotis prepared for the purpose, 
the most common of which consists of oyster-shells 
and sulphur, and is known by the name of Canton's 
Phbsphorus. 

EMILY. 

I am rather surprised, Mrs. B., that you should 
have said so much of the light admitted by phos- 
phorescent bodies, without taking any notice of that 
which is produced by burning bodies. 

MRS. B. 

The light emitted by the latter is so intimately 

c 4? 
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accounted for only in their reference to com- 
pound bodies, it would be useles to detain you 
ny longer on this subject; we may therefore pass 
on to the examination of heat, or caloric, with 

Eiich we are somewhat better acquainted. 
Heat and X-'i^ht may be always distinguished 
the different sensations they produce, Light 
affects the sense of sight; Caloric that of feeling; 
the one produces Vision, the other the sensation 
of Hmi. 

Caloric is found to exist in a variety of forms 
or modifications; and we shall consider it under 
the two following heads, viz. — 

1. Free or radiant caloric. 

2. CoMDlNEn CALORIC. 

The first, FREE or radiant caloric, is also 
died HEAT OF TEMPERATURE : it Comprehends oil 
nt which is perceptible to the senses, and affects 
b thermometer. 

EMILY. 

You mean such as the heal of the sun, of fire, 
candles, of stones; in short, of every thing that 
iros. 

MRS. B. 

And likewise of things which do not burn, as, 
r instance, the warmth of the body ; in a word, 
, heat that is sensible, whatever may be its degree, 
the source whence it is derived. 

CAROLINE. 

WhsX then are tlie other modifications of caloric ? 
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It must be a strange kind of heat which cannotfl 
perceived by our senses, 

None of the modifications of caloric should pro- 
perly be colled heat : for heat, strictly speaking, 
is the sensation produced by caloric on aniinaCeil 
bodies; this word, therefore, in the acciu'ate lan- 
guage of science, should be confined to express 
the sensBtion. But custom has adapted it likewise 
to inanimate matter, and we say the heat nf'an even, 
the heat of the sun, without any reference to the 
sensation which they are capable of exciting. 

It was in order to avoid the confusion which 
arose from thus confounding the cause and effect, 
that modern chemists adopted the new word w- 
lorie, to denote the principle which produces heal! 
yet they do not always, in compliance with thdr 
own language, limit the word heat to tiie expression 
of the sensation, since they still frequently employ 
it in reference lo the other modifications of caloric 
which are quite independent of sensation. 

CAROLINE. 

But you have not yet explained to us what these 
other modifications of caloric are. ' 

MRS, B. 

Because you are not acquainted with the pro- • 
perties of free caloric, and you know that we have 
agreed to proceed with regularity. 

One of the most remarkable properties of free 
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caloric is its power of dilating bodies. This fluid 
is so extremely subtle, that it enters and pervades 
all bodies whatever, forces itself between their par- 
ticles, and not only separates them, but frequently 
drives them asunder to a considerable distance 
from each other. It is thus that caloric dilates or 
expands a body, so as to make it occupy a greater 
space than it did before. 

EMILY. 

The effect it has on bodies, therefore, is directly 
contrary to that of the attraction of cohesion : the 
one draws the particles together, the other drives 
them asunder. 

MRS. B. 

Precisely. There is a continual struggle be- 
tween the attraction of aggregation, and the ex- 
pansive power of caloric ; and from the action of 
these two opposite forces result all the various 
forms of matter, or degrees of consistence, from 
the solid to the liquid and aeriform state. And 
accordingly we find that most bodies are capable 
of passing from one of these forms to the other, 
merely in consequence of their receiving different 
quantities of caloric. 

CAROLINE. 

That is very curious ; but I think I understand 
the reason of it. If a great quantity of caloric is 
added to a solid body, it introduces itself between 
the particles in such a manner as to overcome, in 

c 6 
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a considerable degree, the attraction of cohesta 
and the body, Trom a solid, is then converted ■ 
a fluid. 



This is the case whenever a body is fused 
melted ; but if you add caloric to a liquid, can yon 
tell me what is the consequence ? 

CAROLINE. 

The caloric forces itself in greater abundance 
between the particles of the liquid, and drives 
them to such a distance from each other that their 
attraction of aggi'egation is wholly destroyed : the 
liquid is then transformed into vapour. 



Very well ; and this is precisely the case with 
boiling water, when it is converted into steam or 
vapour, and with all bodies that assume an aeri> 
form state. 

I do not well understand the word aeriform ? 



Auy elastic fluid whatever, whether it be merely 
vapour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, 
and aeriform, admit of many different degrees of 
density, or consistence, sCill arising (chiefly at least) 
from the different quantities of caloric the bodies 
contain. Solids are of various degrees of density. 
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from that of gold, to that of a thin jelly. Liqaidst 
from the consistence of melted glue, or melted 
metals, to that of ether, which is the lightest of all 
liquids. The different elastic fluids (with which you 
are not yet acquainted) are susceptible of no less 
variety in their degrees of density. 

EMILY. 

But does not every individual body also admit 
of different degrees of consistence, without chang- 
ing its state ? 

MRS. B. 

Undoubtedly ; and this I can immediately show 
you by a very simple experiment. This piece of 
iron now exactly fits the frame, or ring, made to 
receive it ; but if heated red hot, it will no longer 
do so, for its dimensions will be so muck increased 
by the caloric that has penetrated into it, that it 
will be much too large for the frame. 

The iron is now red hot; by applying it to the 
frame, we shall see how much it is dilated. 

EMILY. 

Considerably so, indeed ! I knew that heat had 
this effect on bodies, but I did not imagine that it 
could be made so conspicuous. 

MRS.B. 

By means of this instrument, called a Pyro meter, 
we may estimate, in the most exact mailfier,"the va- 
rious dil atat i ons of any solid body by heat. (Plate L 
fig. 1.) The body we are now going to submit 
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to trial is this small iron bar a a; I fix it tothis^ 
paratus, and then heal it by lighting the three h 
beneath it: when the bar expands, it ii 
lengtli as well as thickness; and, as one end c 
muntcates with this wheel-work, b b, 
Other end is fixed and immovable, no sooner d 
it begin to dilate thoii it presses against the wht 
work, and sets in motion the index, c, which p 
out the degrees of dilatation on the dial-plat 

EMILY. 

This is, indeed a very curious instrument ; 
I do not understand the use of the wheels : i 
it not be more simple, and answer the pur[ 
equally well, if the bar, in dilating, pressed a 
the index, and put it in motion without the h 
vention of the wheels ? 

MRS. B. 

The use of the wheels is merely to multiply ■ 
motion, and therefore render the effect of the c 
ric more obvious ; for if the index moved no n 
than the bar increased in length, its motion n 
scarcely be perceptible ; but by means of the 
it moves in a much greater proportion, which tl 
fore renders the variations far more conspicuoiu 

By submitting different bodies to the test c 
pyrometer, it is found that they are far from d 
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i proportion. Different metals j 



pand in different degrees, and other kinds of gal 
bodies vary still more in this respect. Bnt t 
differentsusceptibility of dilatation is still morel 
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markable in fluids than in solid bodies, as I shall 
show you. I haye here two glass tubes (Plate I. 
fig. 2.) terminated at one end by large bulbs. We 
shall fill the bulbs, the one with spirit of wine, the 
other with water. I have coloured both liquids, in 
order that the effect may be more conspicuous. 
The spirit of wine, you see, dilates by the warmth 
of my hand as I hold the bulb. 

EMILY. 

It certainly does, for I see it is rising into the 
tube. But water, it seems, is not so easily affected 
by heat: for scarcely any change is produced on 
it by the warmth of the hand. 

MRS. B. 

True ; we shall now plunge the bulbs into two 
glasses of hot water (bb), and you will see both 
liquids rise in the tubes; but the spirit of wine will 
ascend highest. 

CAROLINE. 

How rapidly it expands ! Now it has nearly 
reached the top of the tube, though the water has 
hardly begun to rise. 

EMILY. 

The water now begins to dilate. Are not these 
glass tubes, with liquids rising within them, very 
like thermometers ? 

MRS. B. 

A thermometer is constructed exactly on the 
same principle, and these tubes require only a scale 



to answer the purpose of thenDonteters ; but tbej 
would be rather awkward in their dimeosions. The 
tubes and bulbs of tliermometers, though of various 
sizes, are in general much smaller than these; the 
tube, too, is hermeticaUy closed, and the air ex- 
cluded from iL The fluid most generally used in 
thermometers is mercury, commonly called quick- 
silver, the dilatations and contractions of which 
correspond more exactly to the additions and sub- 
tiaciions of caloric than those of any other fluid. 

CAROLINE. 

Yet I have often seen coloured spirits of wine 
used in thermometers. 

MRS. B. 

Tlie expansions and contractions of that liquid 
are not qiiile so uniform as those of mercury j but 
in cases in which it is not requisite to ascertiun the 
temperature with great precision, spirit of wine will 
answer the purpose equally well, and indeed in 
some respects better, as the expansion of the latter 
is greater, and therefore more conspicuous. This 
fluid is used likewise in situations and experiments 
in which mercury would be frozen; for mercury 
becomes a solid liody, like a piece of lead or any 
other metal, at a certain degree of cold: but no 
degree of cold bus ever been known to freeze spirit 
of wine. 

A thermometer, therefore, consists of a tube with 
n bulb, such as you see here, containing a fluid, 
whose degrees of dilatation and contraction are 



FREE CALOinC 41 

(licated by a scale to which the tube is fixed. The 
degree which indicates the boiling point, simply 
means, that when the fluid is sufficiently ililated to 
rise to this point, the heat is sucli that water ex- 
posed to the same temperature will boil. When, 
on the other hand, the fluid is so much condensed 
as lo sink to the freezing point, we know that water 
will freeze at that temperature. The extreme 
points of the scales are not the some in all thermo- 
meters, nor are the degrees always divided in the 
same manner. In different countries philosopliers 
have chosen to adopt different scales and divisions. 
The two thermometers most used are tiiose of 
Fahrenheit and of Reaumur ; the first is generally 
preferred by the English, the latter by the French. 

L EMILY, 

The variety of scale must be very inconvenient, 
d I should think liable to occasion confusion, 
when French and English experiments are com- 
pared. 

V Bins. B. 

■|The inconvenience is but verj' trifling, because 
He diflerent gradations of the scales do not aflect 
flle principle upon which thermometers are con- 
structed. When we know, for instance, that Fah- 
renheit's scale is divided into 2 1 2 degrees, in which 
32" corresponds with the freezing point, and 212° 
with the point of boiling water ; and that Reaumur's 
is divided only into 80 degrees, in which 0° denotes 
a freezing point, and 80° that of boiling water, it 
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is easy to compare the two scales together, andq 
duce the one into the other. But, for greater c) 
veiiience, thermometers are sometimes construd 
with both these scales, one on either side at I 
tube; so that the correspondence of the dJJFeq 
degrees of the two scales is thus instantly s 
Here is one of those scales (Plate II. fig. 
which you can at once perceive that each dej 
Reaumur's corresponds to 2J of Fahrenhei 
vision. But I believe the French have, c 
given the preference to what they call the i 
grade scale, in which the space between thefree 
and the boiling point is divided into lOU < 

CAnOIJNE. 

That seems to me the most reasonable divi 
and I cannot guess why the freezing point is calD 
S2°, or what advantage is derived from it. 

MRS. B. 

There really is no advantage in it ; and it o 
ginated in a mistaken opinion of the instrument- 
maker, Fahrenheit, who first constructed these 
thermometers. He mixed snow and Kalt together, | 
and produced by that means a degree of cold which 
he concluded was the greatest possible, and there- 
fore made his scale begin from that point. Be- 
tween that and boiling water he made 212 degreesi 
and the freezing point was found to be at 32°. 



Are spirit of wine and mercury the only liquids 
used in the construction of thermometers? 
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MRS. B. 

I believe they are the only liquids now in use, 
though some others, such as linseed-oil, would 
make tolerable thermometers: but for experiments 
in which a very quick and delicate test of the 
changes of temperature is required, air is the fluid 
sometimes employed. The bulb of air thermome- 
ters is filled with common air only, and its expan- 
sion and contraction are indicated by a small drop 
of any coloured liquor, which is suspended within 
the tube, and moves up and down, according as the 
air within the bulb and tube expands or contracts. 
But in general, air thermometers, however sensible 
to changes of temperature, are by no means accu- 
rate in their indications. 

I can, however, show you an air thermometer of 
a very peculiar construction, which is remarkably 
well adapted for some chemical experiments, as it 
is equally delicate and accurate in its indications. 
(Plate II. fig. 2.) 

CAROLINE. 

It looks like a double thermometer reversed, the 
tube being bent, and having a large bulb at each 
of its extremities. 

EMILY. 

Why do you call it an air thermometer ? the tube 
contains a coloured liquid. 

MRS. B. 

But observe that the bulbs are filled with air, the 
liquid being confined to a portion of the tube, and 



answering only the jnirpose of showing, by its mo- 
tion ill tlie tube, the comparative dilatation or con- 
traction of the air within the bulbs, whicti afford an 
indication of their relative temperature. Thus, if 
you heiit the bulb A, by the warmth of your hand, 
the fluid will rise towards the bulb B, and the con- 
trary will happen ifyou reverse the experiment. 

But if, oil the contrary, both tubes are of the 
same temperature, as is the case now, the coloured 
liquid, suffering an equal pressure on each side, do 
change of level takes place. 

CAROLINE, 

This instrument appears, indeed, uncommonly 
delicate. The fluid is set in motion by the mere 
approach of my hand. 

MRS. B. 

You must observe, however, that this thermo- 
meter cannot indicate tlie temperature of any par- 
ticular body, or of tlie medium in which it is im- 
mersed: it serves only to point out the differetict vX 
temperature between the two bulbs, when placed 
under different circumstances. For tliis reason it 
lias been called diffa-eiitial thermometer. You will 
see hereafter to what particular purposes this in- 
strument applies. 

EMILY. 

But do common thermometers indicate the exact 
quantity of caloric contained either in the at- 
mosphere, or in any body with which ihey are in 
contact ? 
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3f R8* B« 

No : first, because there are other modifications, 
>f caloric which do not affect the thermometer ; 
uid, secondly, because the temperature of a body, 
IS indicated by the thermometer, is only relative. 
When, for instance, the thermometer remains 
stationary at the freezing point, we know that the 
atmosphere (or medium in which it is placed, 
whatever it may be,) is as cold as freezing water : 
and when it stands at the boiling point, we know 
that this medium U as hot as boiling water : but 
we do not know the positive quantity of heat con- 
tained either in freezing or boiling water, any more 
than we know the real extremes of heat and cold ; 
and, consequently, we cannot determine that of the 
body in which the thermometer is placed. 

CAROLINE. 

I do not quite understand this explanation. 

MRS. B. 

Let us compare a thermometer to a well, in 
which the water rises to different heights, accord- 
ing as it is more or less supplied by the spring 
which feeds it: if the depth of the well is un- 
fathomable, it must be impossible to know the 
absolute quantity of water it contains : yet we can 
with the greatest accuracy measure the number of 
feet the water has risen or fallen in the well, at any 
time, and consequently know the precise quantity 
of its increase or diminution, without having the 
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least knowledge of the whole quantity of w 
contains. 

CAROLINE. 

Now I comprehend it very well; nothin 
pears to me to explain a thing so clearly as a a 
parison. 

EMILY. 

But will thermometers bear any degree of b 

MHS. B. 

No : for if the temperature were much abova 
highest degree marked on the scale of the \ 
mometer, the mercury wonld burst the tube i) 
attempt to ascend. And at any rate, i 
meter can be applied to temperatures higheri 
the boiling point of the liquid used in its 
lion ; for the steam on the liquid beginning t< 
would burst the tube. In furnaces, or wheal 
any very high temperature is to be measure! 
|)yrometer, invented by Wedgwood, is useii 
that purpose. It is made of a certain compos 
of baked clay, which has the peculiar prof 
contracting by heat, so that the degree < 
traction of this substance indicates the temperate 
to which it has been exposed. 



But is it possible for a body to contract! 
heat ? I thought that heat dilated alt bodies w9 
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MRS. B. 

This is not an exception to the rule. You must 
recollect that the bulk of the clay is not compared, 
whilst hot, with that which it has when cold ; but 
it is from that change which the clay has under- 
gone hy having been heated, that the indications of 
this instrument are derived. This change consists 
in a beginning fusion which tends to unite the par- 
ticles of clay more closely, thus rendering it less 
pervious or spongy. 

Clay is to be considered as a spongy body, 
.abounding in interstices or pores, from its having 
contained water when soft. These interstices are 
by heat lessened, and would by extreme heat be 
entirely obliterated. 

CAROLINE. 

And how do you ascertain the degrees of con- 
traction of Wedgwood's pyrometer ? 

MRS. B. 

The dimensions of a piece of clay are measured 
by a scale graduated on the side of a tapered 
groove, formed in a brass ruler ; the more the clay 
is contracted by the heat, the further it will de- 
scend into the narrow part of the tube. 

Before we quit the subject of expansion, I niust 
observe to you, that as liquids expand more readily 
than solids, so elastic fluids, whether air or vapour, 
are the most expansible of all bodies. 

It may appear exti*aordinarj', that all elastic 
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fluids whatever, uiwlei^o the same degree of expan- 
sion from equal augmentations of temperature. 

EMILY. 

I suppose, then, that all elastic fluids are of the 
seme density ? 

MRS. B. 

Very far from it; they vary in density, more 
than either liquids or solids. The uniformly of 
their expansibility, which at first may appear sin- 
gular, is, however, readily accounted for. For if 
tlie different susceplibilities of expansion of bodies 
arise from their various degrees of attraction <rf 
cohesion, no such difference can be expected in 
elastic fluids, since in lliese the attraction of cohe- 
sion does not exist, their particles being, on the 
contrary, possessed of an elastic or repulsive 
power, they will therefore all be equally expanded 
by equal degrees of caloric. 

EMILY. 

True ; as there is no power opposed to the ex- 
pansive force of caloric in elastic bodies, its efletl 
must be the same in all of them. 



Let us now proceed to examine the other pro- 
perties of free caloric. 

Free caloric always tends to diffuse itself equally, 
that is to say, when two bodies are of diflereiit 
temperatures, the warmer gradually parts with its 
heat to the colder, till they are both brought to 




ihe same temperature. Thus, when a tbennonieter 
lied to a hot body, it receives caloric; when 
to a cold one, It communicates part of its own 
caloric, and this communication continues until 
tiie thermometer and the body arrive at the same 
temperature. 

EMILY. 

Cold, then, is nothing but a negative quality, 
simply implying the absence of heat. 

MRS. B. 

Not the total absence, but a diminution of hest ; 
for we know of no body in which some caloric may 
not be discovered. 

CAROLINE. 

But when I lay my hand on this marble table 
I feel it positively cold, and cannot conceive that 
there is any caloric in it. 

MRS. B. 

The cold you experience consists in the loss of 
caloric that your hand sustains in an attempt to 
tring Us temperature to an equilibrium with the 
marble. If you lay a piece of ice upon it, you 
will find that the contrary effect will take place ; 
llheice will be melted by the heat which it abstracts 
from the marble. 

CAROLINE. 

Is it not in this case the air of the room, which, 
feeing warmer than the marble, melts the ice? 
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MRS. B. 

The air certainly acts on the surface vihic 
exposed to it, but the table melts that part % 
which It is in contact. 

CAROLINE. 

But why does caloric tend to an equilibria 
It cannot be on the same principle as other fld 
since it has no weight. 



Very true, Caroline; that is an excellent oil 
tion. You might also, with some propriety) on 
to the term eqniUbriiim being applied to a I 
that is without weight ; but I know of no e 
sion that would explain my meaning s 
must consider it, however, in a figurative i 
than a literal sense : its strict meaning is an e 
diffusion. We cannot, indeed, well say by » 
power it diffuses itself equally, though it is 1 
surprising that it should go liom the parts whieb I 
have the most to those which have the least. This 
subject is best explained by a theory suggested by 
Professor Prevost of Geneva, which is now, 1 
believe, generally adopted. 

According to this theory, caloric is composed of 
particles perfectly separate from each otlier, every 
one of which moves with a rapid velocity in a cer- 
tain direction. These directions vary as much as 
imagination can conceive, the result of which is, 
that there are rays or lines of these particles moving 
witii immense velocity in every poss.ble direct' 
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Caloric is thus universally diffused, so that when 
any portion of space happens to be in the neighbour- 
hood of another, which contains more caloric, the 
colder portion receives a quantity of calorific rays 
from the latter sufficient to restore an equilibrium 
of temperature. This radiation does not only take 
place in free space, but extends also to bodies of 
every kind. Thus you may suppose all bodies 
whatever constantly radiating caloric : those that 
are of the same temperature give out and absorb 
equal quantities, so that no variation of temperature 
is produced in them ; but when one body contains 
more free caloric than another, the exchange is 
always in favour of the colder body, until an equi- 
librium is effected ; this you found to be the case 
when the marble table cooled your hand, and again 
when it melted the ice. 

CAROLINE. 

This reciprocal radiation surprises me extremely. 
I thought, from whkt you first said, that the hotter 
bodies alone emitted rays of caloric, which were 
absorbed by the colder ; for it seems unnatural 
that a hot body should receive any caloric from a 
cold one, even though it should return a greater 
quantity. 

MRS. B. 

It may at first appear so, but it is no more ex- 
traordinary than that a candle should send forth 
rays of light to the sun, which, you know, must 
necessarily happen. 

B 2 
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CAHOLINE. 

Well, Mrs. B., I believe that I must giv^^ 
the point. But I wish I could see these rays of 
caloric ; I should then have greater faith in them. 

MRS. B. 

Will you give no credit to any sense but that 
of sight ? You may feel the rays of caloric whicli 
you receive from any body of a temperature 
higher than your own ; the loss of the caloric yon 
part with in return, it is true, is not perceptible; 
for as you gain more than you lose, instead of 
suffering a diminution, you are really making an 
acquisition of caloric. It is therefore only when 
you are parting with it to a body of a lower tern* 
perature, that you arc sensible of the sensa^on 
of cold, because you then sustain an absolute loss 
of caloric. 

EMILY. 

And in this case we cannot be sensible of the 
small quantity of heat we receive in exchange 
fi'om the colder body, because it serves only to 
diminbh the loss. 

MRS. B. 

Very well indeed, Emily. Professor Pictet of 
Geneva has made some very interesting experi- 
ments, which prove not only that caloric radiates 
from all bodies whatever, but that these rays may 
be reflected, according to the laws of optics, \a 
the same manner as light. I shall repeat these 
experiments before you, having procured mirrors 
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; and it will afibrd i 



; purpose; 
portunity of using the dlfTereDtial thermometer, 
which Is particularly well adapted for these ex- 
periments. — I place an iron buUet (Plate 111. 
fig. I.), about two inches in diameter, and heated 
to a degree not sufficient to render it luminous, 
in the focus of this large metallic concave mirror. 
The rays of heat which fall on this mirror are 
reflected, agreeably to the property of concave 
mirrors, In a parallel direction, so as to fall on a 
simUar mirror, which, you see, is placed opposite 
to the first, at the distance of about tea feet : 

! thence the rays converge to the focus of the se- 
cond mirror, in which I place one of the bulbs of 
this thermometer. Now, obser\-e in what manner 
it is affected by the caloric which is reflected on 
it from the heated bullet. — The air is dilated 
in the bulb which we placed in the focus of the 
mirror, and the liquor rises considerably in the 
opposite leg. 

EMILT. 

But would not the same eflect take place, if the 
Bfays of caloric Irom the heated bullet fell directly 
■OD the thermometer, without the assistance of the 
I mirrors? 

MRS. B. 

The effect would in that case be so trifling, at 

■the distance at which the bullet and the thermo- 

Bmeter are from each other, that it would be almost 

mperceptible. The murors, you know, greatly 
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increase the effect, by collecting a large quann 
rays into n focus ; place your hand in the fbc 
the mirror, and you will find it much hotter tj 
than when you remove it nearer to the bullet^ 



EMILY. 

That is very true ; it appears extremely sina 
to feel the heat diminish in approaching the fa 
Irom which it proceeds. 

cAKorrnE. 

And the mirror which produces so much | 
by converging the rays, is itself quite cold. 

MRS. B. 

The same number of rays that are disp( 
over the surface of the mirror are collected \ 
into the focus ; but if yon consider liow lai 
surface the mirror presents to the rays, an 
sequently, how much they are diffused i 
parison to what they are at the focus, v 
little more than a point, I think you can no loj 
wonder that the focus should be so much \ 
than the mirror. 

The principal use of the mirrors in this e 
ment is to prove that the calorific en 
reflected in the same manner as hght. 

CAROLINE. 

And the result, I think, is very conclusive, j 

MRS. B. 

The experiment may be repeated with a J 
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taper, instead of the bullet, with a view of separating 
the light IVom the caloric. For this purpose a 
transparent plate of glass must be interposed be- 
tween the mirrors ; for light, you know, passes 
with great facility through glass, whilst the trans- 
mission of caloric is almost wholly impeded by it. 
"We shall find, however, in this experiment, that 
some few of the calorific rays pass through the 
glass together with the light, as the thermometer 
rises a little ; but, as soon as the glass is removed, 
and a free passage left to the caloric, it wUI rise 
considerably higher, 

EMILY, 

This experiment, as well as that of Dr. Her- 
schell, proves that light and heat may be sepa- 
rated ; for in the latter experiment the separation 
was not perfect any more than in that of Mr. 
Pictet. 

CAROLINE. 

I should like to repeat this experiment, with the 
difference of substituting a cold body instead of the 
hot one, to see whether cold would not be reflected 
as well as heat. 

MRS. B. 

That experiment was proposed to Mr. Pictet by 
an incredulous philosopher like yourself, and he 
immediately tried it by substituting a piece of ice 
in the place of the heated bullet. 



Well, Mrs. B., and what was the result? 
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MRS. B. 

That we shall see ; I have procured some ieel 
for the purpose. 

EMILY. 

The thermoineter falls considerably ! 

CAROLINE. 

And does not that prove that cold Is not merely 
a negative quality, implying simply an inferior de- 
gree of heat ? The cold must be positive, since it 
is capable of reflection. 

MRS. B. 

So it at first appeared to Mr. Pictet; but, upon 
a little consideration, he found that it afforded only 
an additional proof of the reflection of heat: thb 
I shall endeavour to explmn to you. 

According to Mr. Prevost's theory, we suppose 
that all bodies whatever radiate caloric: the ther- 
mometer used in these experiments, therefore, ernit^ 
calorific rays in the same manner as any other 
substance. When its temperature is in eq^uilibrium 
with that of the surrounding bodies, it receives as 
much caloric as it parts with, and no change of 
temperature is produced. But when we introduce 
a body of a lower temperature, such as a piece of 
ice, which parts with less caloric than it receive^ 
the consequence is, that its temperature is raised, 
whilst that of the surrounding bodies is proper* 
Uonally lowered. 
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EMILT. 

If, for instance, I were to bring a large piece of 
ice into this room, the ice would in time be melted, 
by absorbing caloric from the general radiation 
which is going on throughout the room ; and, as it 
would contribute very little caloric in return for 
what is absorbed, the room would necessarily be 
cooled by it. 

HR3. B. 

Just so : and as, in consequence of the mirrors, 
a more considerable exchange of rays lakes place 
between the ice and the thermometer, than between 
these and any of the surrounding bodies, the tem- 
perature of the thermometer must be more lowered 
than that of any other adjacent object. 
CAItOLINE. 

I confess I do not perfectly understand your ex- 
planation, 

MRS. B. 

This experiment is exactly similar to that made 
with the lieated bullet : for, if we consider the ther- 
mometer as the hot body (which it certainly is in 
comparison to the ice), you may then easily under- 
stand that it is by the loss of the calorific rays whicli 
>the thermometer sends to the ice, and not by any 
cold rays received fiom it, that the fall of tlie mer- 
'^cury is occasioned : for the ice, far from emitting 
rays of cold, sends forth I'ays of caloric, which 
diminish the loss sustained by the thermometer. 

Let us say, for instance, that the radiation of the 

thermometer^to wards the ice is equal to 20, and 
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that of the ice towards the thermometer to 10; 
the exchange in favour of the ice is as 20 is to 10, 
or the thermometer absolutely loses 10, whilst the 
ice gains 10. 

CAHOLINE. 

But if the ice actually sends rays of caloric to 
the thermometer, must not the latter fall still lower 
when the ice is removed? 

MRS. B. 
No : for the space which the ice occupied admitii 
rays from all the surrounding bodies to pass 
through it ; and those being of the same tempera- 
ture as the thermometer, will not afFect it, l>ecause 
as much heat now returns to the thermometer as 
radiates from it. 

CAROLINE. 

I must confess that you have explained this ia 
so satisfactory a manner, that I cannot help being 
convinced now that cold has no real claim to the 
rank of a positive being. 

MRS. B. 

Before I conclude the subject of radiation, I must 
observe to you that different bodies (or ratlier sur- 
faces) possess tite power of radiating caloric ia very 
different degrees. 

Some curious experiments have been mode by 
Mr. Leslie on this subject; and it was for this pur- 
pose that he invented the differential thermometer: 
with its assistance he ascertained that black surfaces 
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radiate inost> glass next, and polislied surfaces the 
least of all. 

EMILY. 

Supposing these surfaces, of course, to be all of 
the same temperature. 

MRS. B. 

Undoubtedly. I will now show you the very 
simple and ingenious apparatus, by means of which 
he made these experiments. Thiscubical tin vessel, 
or canister, has each of its sides externally covered 
ith different materials ; the one is simply black- 
ened ; the next is covered with white paper ; the 
third with a pane of glass ; and in the fourth the 
polished tin surface remains uncovered. We shall 
fill this vessel with hot water, so that there can be 
no doubt but that all its sides will be of the same 
temperature. Now let us place it in the focus of one 
of the mirrors, making each of its sides front it in 
succession. We shall begin with the black surface. 

CAROLINE. 

It makes the thermometer, which ia in the focus 
-of the other mirror, rise considerably. — Let us 
^ turn the paper surface towards the mirror. The 
, thermometer falls a little, therefore of course this 
i^ide cannot emit or radiate so much caloric as the 
blackened side. 

^ EMILT. 

, This is very surprising ; for the sides are exactly 
pf the same size, and must be of the same tempera- 
ture. But let us try the glass surface. 
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URS- B. 

The thermometer continues falling; and 
ihepolbhed tin surface it falls still lower; theM 
two surfaces, therefore, radiate less and less. 

CAROLINE. 

I think J have found out the reason of this. 

Hns. B. 
I should be very happy to hear it, for it has not 
yet (to my knowledge) been accounted for, 

CAROLINE. 

The water within the vessel gradually cools, and 
the thermometer in consequence gradually falls. 

MRS. B. 

It b true that the water coob, but certiunly in 
much less proportion than the thermometer Ae- 
scends, as you will perceive if you now change the 
tin surface for the black one. 

CAROLINE. 

I was mistaken, certainly; for the thermometer 
rises again now that the black surface fronts the 
mirror. 

MRS. B. 

And yel the water in the vessel is still cooling, 
Caroline. 

EMILY. 

I am surprised that the tin surface should radiate 
the least caloric; for a metallic vessel filled with 
hot water, a silver tea-pot, for instance, feels much 
hotter to the hand than one of black earthenware. 
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That is owing to the different power which va- 
rious bodies possess for conducting caloric, a pro- 
perty which we shall presently examine. Thus, 
although a metallic vessel feels warmer to the hand, 
a vessel of this kind is known to preseire the heat 
of the liquid within better than one of any other 
materials ; it is for this reason that silver tea-pots 
make better tea than those of earthenware. 

EMILY. 

According to these experiments, light-coloured 
dresses, in cold weather, should keep us wanner 
than black clothes, since the latter radiate so much 
more than the former. 



And that is actually the case. 

EMILY. 

This property, of different surfaces to radiate in 
different degrees, appears to me to be at variance 
irith the equilibrium of caloric; since it would im- 
ply that those bodies which radiate most must 
ultimately become coldest. 

Suppose that we were to vary this experiment, 
J by using two metallic vessels full of boiling water, 
I the one blackened, the other not ; would not the 
|)lack one cool the first ? 

CAROLINE. 

True ; but when they were both brought down 
o the temperature of the room, the interchange of 
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caloric between the canisters and the other bodies 
of the room being then equal, their temperatures 
would remitin the same. 

EMILY. 

I do not see why thnt should be the case ; for il 
different surfaces of the same temperature radiate 
in different degi-ees when heated, why should they 
not continue to do so when cooled down to the 
temperature of the room? 

MRS. B. 

You have started a difficulty, Emily, which cer' 
tainly requires explanation. It is found by expe- 
riment that the power of absorption corresponds 
with and is proportional to that of radiation; so 
that under equal temperatures, bodies compensRU 
for the greater loss they sustain in consequence of 
their greater radiation by their greater absorptioo; 
and if you were to make your experunent in a^a^ 
mosphere heated, like the canisters, to the tempe- 
rature of boiling water, though it is true that tie 
canisters would radiate in different degrees, no 
change of temperature would be produced in diein, 
because they would each absorb caloric in pro- 
portion to their respective radiation. 

EMILY. 

But would not the canisters of boiling water slw 
absorb caloric in different degrees in a room of tbe 
common temperature ? 

MRS, B. 

Undoubtedly they would. But the various bodies 



FBBE CALORIC. 

the room would not, at a lower tempemtuie, 
furnish either of the canisters with a sufficiency of 
caloric to compensate for the loss they undergo : 
r, suppose the black canister to absorb 400 rays 
calonc, whilst the metallic one absorbed only 
10 ; yet if the former radiate 800, whilst the latter 
ndiates only 400, the black canister will be the 
first cooled down to the temperature of the room. 
Sut irom the moment the equilibrium of tempera- 
nre has taken place, the black canister, both re- 
ving and giving out 400 rays, and the metallic 
e 200, no change of temperature wUI take place. 

EMILY. 

I now understand it extremely well. But what 
^omes of the surplus of calorific rays, which good 

liators emit and bad radiators refuse to receive : 
Aey must wander about in search of a resting- 
place? 



They really do so ; for they are rejected and sent 
back, or, in other words, reflected by the bodies 
which are bad radiators of caloric ; and they are 
thus transmitted to other bodies which happen to 
lie in their way, by which they are either absorbed 
or again reflected, according as the property of 
reflection or that of absorption predominates in 
these bodies. 

CAROLINE. 

I do not well understand the difference between 
mdiating and reflecting caloric ; for the caloric that 
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is reflected from a body proceeds from it in stx 
lines, and may surely be said to radiate from 1 



It is true that there at first appears to be a g 
analogy between radiation and reflection, 
equally convey the idea of the transmissio 
caloric. 

But if you consider a little, you will per 
thai when a body radiates caloric, the heat * 
it emits not only proceeds from, but has its o 
in the body itself. Whilst, when a body r 
caloric, it parts with none of its own caloi 
only reflects that which it receives from ( 
bodies. 



Of this difference we have very striking exam] 
before us, in the tin vessel of water, and the con- 
cave mirrors ; the first radiates its own heat, the 
latter reflects the heat which they receive from 
other bodies. 

CAROLINE- 

Now, that I understand the difference, it do 
longer surprises me that bodies which radiate, or 
part with their own caloric freely, should not have 
the power of transmitting with equal facility 
which they receive from other bodies. 



bave 

1 



Yet no body can be said to possess caloric of its 
own, if all catoric is originally derived from the 
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MRS. B. 

When I speak of a body radiating its own calo- 
ric, I mean that which it has absorbed and incor- 
porated either immediately from the sun's rays, or 
through the medium of any other substance, 

CAROLINE^ 

It seems natural enough that the power of ab- 
sorption should be in opposition to that of reflec- 
tion, for the more caloric a body receives, the les» 
it will reject. 

EMJLY. 

And equally so that the power of radiation 
should correspond with that of absorption It is iu 
&ct, cause and effect; for a body cannot radiate 
heat without having previously absorbed it; just as 
a spring that is well fed flows abundantly. 

MRS.Bw 

Fluids are in general very bad radiators of calo- 
ric : and air neither radiates nor absorbs caloric in 
any sensible degree. 

We have not yet concluded our observations on 
free caloric, l^ut I shall defer, till our next meetr 
ing, what I have further to say on this subject. I 
believe it will afford us ample conversation fox 
ipipther interview,. 




CONVERSATION III. 

CONTINUATION OF THE SUBJECT. 



MRS. B. 

In our last conversation, we began to examine Q 
tendency of caloric to restore an equillbriunj 
temperature. This property, when once well u 
stood, affords the explanation of a great varietyw 
facts which appeared formerly unaccountable. You 
must observe, in the first place, that the effect of 
this tendency is gradually to bring all bodies thai 
are in contact to the same temperature. Thu^ 
the fire which burns in the grate communicates its 
heat from one object to another, till every part of 
the room has an equal proportion of it. 

EMILY. 

And yet this book is not so cold as the table on 
which it lies, though both are at an equal distance 
from the fire, and actually in contact with each 
other,so that, according to your theory, they should 
be exactly of the same temperature. 

CAROLINE. 

And the hearth, which is much nearer thelf 
than the carpet, is certainly the colder of the fi 



If you ascertain the temperature of these several 
bodies by a thermometer (which is a much more 
accurate test than your feeling), you will find that 
it is exactly the same. 

CAROLINE. 

But if they are of the same temperature, why 
should the one feel colder than the other ? 

MRS. B. 

The hearth and the table feel colder than the 
carpet or the book, because the tatter are not such 
good conductors of heat as the former. Caloric 
finds a more easy passage through marble and 
wood, than through leather and worsted ; the two 
former will therefore absorb heat more rapidly from 
your hand, and consequently give it a stronger sen- 
sation of cold than the two latter, although they 
are all of them really of the same temperature. 

CAROLINE. 

So, then, the sensation I feel on touching a cold 
s in proportion to the rapidity with which 
Dy hand yields its heat to that body. 

MRS. B. 

Precisely ; and if you lay your hand successively 

I every object in the room you will discover 

1 are good, and which are bad conductors 

f heat, by the different degrees of cold you feel. 

t, in order to ascertain this point, it is necessary 

liaf the several substances should be of the same 
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temperature, which will not be the case with thai 
that are very near the firC) or those that are exposs 
to a current of cold air from a window or door. 

EMILY. 

But what is the reason that some bodies are 
better conductors of heat than others ? 

MRS. B. 

This is a. point not well ascertmned. It has been 
conjectured that a certain union or adherence takes 
place between the caloric and the particles of the 
body through which it passes. If this adherence 
be strong, the body detains the heat, and parts 
with it slowly and reluctantly ; if slight, it propa- 
gates it freely and rapidly. The conducting power 
of a body is therefore, inversely, as its tendency W 
unite with caloric. 

EMILY. 

That is to say, that the best conductors are those 
that have the least affinity for caloric. 

MRS. B. 

Yes; but the term affinity is objectionable in 
this case, because, as that word is used to express 
a chemical attraction {which can be destroyed only 
by decomposition), it cannot be applicable to the 
slight and transient union that takes place between 
free caloric and the bodies throughwhich it passes; 
an union which is so weak, that it constantly yields 
to the tendency which caloric has to an equilibrium. 
Now you clearly understand, that the passage of 



FSEE CAXORIC. 69 

caloric, through bodies that are good conductors, 
is much more rapid than through those that are 
bad conductors, and that the former both give and 
receive it more quickly, and therefore, in a given 
time, more abundantly, than bad conductors, which 
makes them feel either hotter or colder, though they 
may be, in fact, both of the same temperature. 

L CAROLINE. 

P Yes, I understand it now; the table, and the 
Dook lying upon it, being realty of the same tem- 
perature, would each receive, in the same space 
of time, the same quantity of heat from my hand, 
were their conducting powers equal ; but as the 
table is the best conductor of the two, it will ab- 
sorb the heat from my hand more rapidly, and con- 
sequently produce a stronger sensation of cold than 
the book. 

MKS. B. 

Very well, my dear ; and observe, likewise, that 
if you were to heat the table and the book an equal 
mber of degrees above the temperature of your 
»dy, the table, which before telt the colder, would 
V feel the hotter of the two; for as in the first 
e it took the heat most rapidly from your hand, 
; will now impart heat most rapidly to it. 
s the marble table, which seems to us colder 
1 the mahogany one, will prove the hotter of 
o to the ice : for, if it takes heat more rapidly 
1 our hands, which are warmer, it will give out 
tat more rapidly to the ice, which is colder. Do 
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yoii understand the reason of these apparently op- 
posite effects ? 

[emily. 
Perfectly. A body which is a good conductor 
of caloric affords it a free passage; so that it 
penetrates through tliat body more rapidly than 
through one which is a bad conductor : and, con- 
sequently, if it is colder than your hand, you lose 
more caloric, and if it is hotter, you gain more than 
with a bad conductor of the same temperature. 

MRS. B. 

But you must observe that this is the case only 
when the conductors are either hotter or colder 
than your hand; for, if you heat different con- 
ductors to the temperature of your body, they will 
all feel equally warm, since the exchange of caloric 
between bodies of the same temperature is equtd. 
Now, can you tell me why flannel clothing, which 
is a very bad conductor of heat, prevents our feel- 



cold? 



CAROLINE, 

It prevents the cold from penetrating 

MRS. B. 

But you forget that cold is only a negatur^B 
quality. 

CAROLINE. 

True ; it only prevents the heat of o 
from escaping so rapidly as it would otherw; 

MRS. B. 

Now you have explained it right ; the I 
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rattier keeps in the heat, than keeps out the cold. 
Were the atmosphere of a higher temperature than 
our bodies, it would be equally efficacious in keep- 
ing their temperature at the same degree, as it 
would prevent the free access of the external heat^ 
by the difficulty with which it conducts it 

EMILY. 

This, I think, is very clear. Heat, whether ex- 
ternal or internal, cannot easily penetrate flannel; 
therefore in cold weather it keeps us warm, and if 
the weather were hotter than our bodies, it would 
keep us cool. 

MRS. B. 

The most dense bodies are, generally speakings 
the best conductors of heat ; probably because the 
denser the body, the greater are the number of 
points or particles that come in contact with caloric. 
At the common temperature of the atmosphere 'a 
piece of metal will feel much colder than a piece 
of wood, and the latter than a piece of woollen 
cloth ; this again will feel colder than flannel ; and 
down, which is one of the lightest, is at the same 
time one of the warmest bodies. 

CAROLINE. 

This is, I suppose, the reason that the plumage 
of birds preserves them so effectually from the in- 
fluence of cold in winter ? 

MRS. B. 

Yes ; but though feathers in general are an ex* 
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cellent preservative against cold, down is a kind of 
plumage peculiar to aquatic birds, and covers their 
chest, which is the part most exposed to the watei; 
for though ihe surface of the water is not of a lower 
temperature than the atmosphere, yet, as it is s 
better conductor of heat, it feels much colder, con- 
sequently the chest of the bird requires a warmw 
covering than any other part of its body. Besides, 
the breasts of aquatic birds are exposed to cold, nol 
only from the temperature of the water, but also 
from the velocity with which the breast of the biri 
strikes against it; and likewise from the rapid ev» 
poration occasioned in that part, by the air against 
which it strikes, after it has been moistened by dq>- 
ping from time to time into the water. 

If you hold a finger of one hand motionless in B 
glass of water, and at the same time move a fings 
of the other hand swiftly through water of the same 
temperature, a diiferent sensation will be soon pO" 
ceived in the different fingers. 

Most animal substances, especially those vbiA 
Providence has assigned as a covering for animalsj 
such as fur, wool, hair, skin, &c., are bad con- 
ductors of heat, and are, on that account, sucli 
excellent preservatives against the inclemency of 
winter, that our warmest apparel is made of these 
materials. 

EMILY. 

Wood is, I dare say, not so good a conducts 
as metal : and it is for that reason, no doubt, tiA 
silver teapots have always wooden handles ? 
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MRS. B. 

Yes; and it is the facility with which metals con- 
duct caioi-ic that made you suppose that a silver 
TOtradiated more caloricthan an earthen one. The 
ilver pot is in fact iiotter to the hand when in con- 
t with it ; but it is because its conducting power 
nore than, counterbalances its deficiency in regard 
to radiation. 

We have observed that tlie most dense bodies 
Ire in general the best conductors ; and metals, 
fou know, are of that class. Porous bodies, such 
i the earths and wood, are worse conductors, 
Aiefly, I believe, on account of their pores being 
tiled with air : for air is a remarkably bad con- 
ductor. 

CAROLINE. 

It is a very fortunate circumstance that air should 
3. bad conductor, as it tends to preserve the heat 
of the body when exposed to cold weather. 



It is one of the many benevolent dispensations 
if Providence, in order to soften the inclemency 
if the seasons, and to render almost all climates 
labitable to man. 

In fluids of different densities, the power of con- 
lucting heat varies no less remarkably: if you dip 
■our hand into this vessel full of mercury, you will 
scarcely conceive that its temperature is not lower 
than that of the atmosphere. 

VOL. I. E 
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CAKOLINE. 

Indeed, I know not how to believe it, it feels so 
extremely cold. But we may easily ascertain its 
true temperature by the thermometer. It is really 
not colder than the air; — the apparent difference, 
then, is produced merely by the difference of the 
conducting power in mercury and in air. 

MRS. B. 

Yes ; hence yon may judge how little the sense 
of feeling is to be relied on as a test of the tem- 
perature of bodies, and how necessary a thermo- 
meter is for that purpose. 

It has indeed been doubted whether fluids have 
the power of conducting caloric in the same man- 
ner as solid bodies. Count Rumford, a very few 
years since, attempted to prove, by a variety of 
experiments, that fluids, when at rest, were not si 
all endowed with this property. 

CAROLINE. 

How is that possible, since they are capable of i 
imparting cold or heat to us ; for if they did BOt 
conduct heat, they would neither take it from, nor ' 
give it to us ? 

MRS. B. 

Count Rumford did not mean to say that fluids 
would not communicate their heat to solid bodies : 
but only that heat does not pervade fluids, that is 
to say, is not transmitted from one particle of a fluid 
to another, in the some manner as in solid bodies. 



VBKK CALOKIC. fS 

EMILY, 

But when you heat a vessel of water over the 
fire, if the particles of water do not communicate 
heat to each other, how does the water become hot 
throughout ? 



By constant agitation. Water, as you have 
seen, expands by heat in the same manner as sohd 
bodies ; the heated particles of water, therefore, 
at the bottom of the vessel, become specifically 
lighter than the rest of the liquid, and, conse- 
quently, ascend to the surface, where, parting with 
some of then- heat to the colder atmosphere, they 
are condensed, and give way to a fresh succession 
of heated particles ascending from the bottom, 
which having thrown off their heat at the surface, 
are iu their turn displaced. Thus every pordcle 
is successively heated at the bottom, and cooled at 
the surface of the liquid ; but as the fire commu- 
nicates heat more rapidly than the atmosphere cools 
the succession of surfaces, the whole of the liquid 
in time becomes heated. 



CAROLINE. 

This accounts most ingeniously for the propa- 
ption of heat upwards. But suppose you were 
1 heat the upper surface of a liquid, the particles. 
King specifically lighter than those below, could 
lot descend : how therefore would the heat be 
ipnimunicated downwards ? 
E 2 
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MBS.B. 

If there were no agitation to force ihe heated 
surface downwards, CooDt Kumford assures us that 
the beat would not descend. In proof of this, he 
succeeded in making the upper surface of a vessel 
erf water boil and evaporate, while a cake of ice 
remaiued frozen at the bottom. 

CAROLINE. 

ITiis is very extraordinary indeed ! 

MBS. B. 

It appears so, because we are not accastomed to 
heat liquids by their upper surface ; but you will 
understand this theory belter if I show you the in- 
ternal motion that takes place in liquids when they 
experience a change of temperature. The motion 
of the liquid itself is indeed invisible, from the ex- 
treme minuteness of its jxirticles ; but if you mis 
with it any coloured dust, or powder, of nearly 
the same specific gravity as the liquid, you may 
judge of the internal motion of the latter by that 
of the coloured dust it contains. Do you see the 
small pieces of amber moving about in the liquid 
contained in this phial ? 

CARo: 

■m Yes, perfectly. 



We shall now immerse the phial in a glaw, 
liot water, and the motion of the liquid wiilil 
shown by that which it communicates to the a 
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cuiTents, the one rising along the sides 
of the phial, the other descending in the centre ; 
but I do not understand the reason of this. 



The hot water communicates its caloric, through 
the medium of the j)hial, to the particles of the 
fluid nearest to the ^lass ; these dilate and ascend 
laterally to the surface, where, in parting with their 
^eaC, they are condensed, and in descending, form 
■fbe central current. 

, CAROLINE. 

This is indeed a very dear and satlsfacloi-y ex- 
periment ; but how much slower the currents now 
knove than they did at first i 

MRS. B. 

It is because the circulation of particles have 
nearly produced an ei^uilibriuni of temperature be- 
'Iweeu the liquid in the glass and that in the phial. 

CAROLINE. 

But these communicate laterally, and I thought 
that heat in liquids could be propagated only up- 
wards. 

MRS. B. 

- Vou do not take notice that the heal is imparted 
from one liquid to the other, through the medium 
iof the phial itself, the external surface of which 
lEceives the beat from the water in the glass, whilst 
its internal surface transmits it to the liquid it con- 
E 3 
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tiuns. Now take the phial out of the hot wal) 
and observe the effect of its cooling. 

EMILY. 

The currents are reversed ; the external ( 
rent now descends, and the internal one rises, I 
guess the reason of this change: — the phial being 
in contact with cold air instead of hot water, the ex- 
ternal particles are cooled instead of being heated; 
they therefore descend and force up the central 
particles, which, being warmer, are consequently 
lighter. 

MKS. B. 

It is just SO. Count Rumford hence infers, that 
no alteration of temperature can take place in a 
fluid, witliout an internal motion of its particles; 
and as this motion is produced only by the com- 
parative levity of the heated particles, heat cannot 
be propagated downwards. This theory, how- 
ever, is not perfectly correct, for in subsequent 
experiments the temperature of water has been 
raised by the application of heat to its upper sur- 
fitce ; the effect produced is, however, extremely 
slow. 

EMILY. 

But might not the heat be communicated by 
the sides of the vessel in which the water was 
contained ? 

MRS. B. 

No, for the vessel consisted of an excavation 
made in a lump of ice. 
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But though Count Rumford's theory is not 
j strictly correct, yet there is, no doubt, much truth 
.'in his observation, that the communicatioa is 
rmaterially promoted by a motion of the parts; 
Mmd this accounts for the cold that is found to 
wrevail at the bottom of the lakes in Switzerland, 
f*hich are fed by rivers issuing from the snowy 
■Alps. The water of these rivers being colder, and 
therefore more dense than that of the lakes, sub- 
Ijkides to the bottom, where it cannot be affected by 
Mhe wanner temperature of the surface ; the motion 
rof the waves may communicate this temperature to 
ffiome little depth, but it can descend no further than 
pile agitation extends. 

r EMILY. 

f But when the atmosphere is colder than the lake, 
jjhe colder surface of the water will descend, for the 
rery reason that the warmer will not. 

MRS. B. 

Certainly; and it is on this account that neither 
1^ lake, nor any body of water whatever, can be 
wen until every particle of the water has risen 
the surface to give off its caloric to the colder 
mosphere ; therefore the deeper a body of water 
I the longer will be the time it requires to be 
rozen. 

EMILY. 

But if the temperature of the whole body of 
rater be brought down to the freezing point, why 
8 only the surface frozen ? 
E 4 
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The temperature of the whole body is lowered, 
but not to the freezing point. The diminution of 
heat, as you know, produces a contraction in the 
bulk of fluids, as well as of solids. This effect, 
however, does not take place in water below the 
temperature of 4-0 degrees, wliich is 8 degrees 
above the freezing point. At that temperature, 
therefore, the internal motion, occasioned by the 
increased specific gravity of the condensed par- 
ticles, ceases ; for when the water at the surface 
no longer condenses, it will no longer descend, and 
leave a fresh surface exposed to the atmosphere : 
this surface alone, therefore, will be further esr 
posed to its severity, and will soon be brought 
down to the freezing point, when it becomes ice, 
which being a bad conductor of heat preserves the 
water beneath a long time from being affected by 
the external cold. 

CAROLINE. 

And the sea does not freeze, I suppose, because 
its depth is so great, that a frost never lasts long 
enough to bring down the temperature of such a 
great body of water to 40 degrees? 

MRS. B. 

That is one reason why the sea, as a large mass 
of water, does not freeze. But, independently of 
this, salt water does not freeze till it is cooled 
much below 32 degrees ; and with respect to the 
law of condensation, salt water is an exceptlonj 
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'ta it condenses even many d^rees below the 
freezing point. When the caloric of fresh watei', 
therefore, is imprisoned by [he ice on its surfatfei 
the ocean still continues throwing off heat into the 
atmosphere, which is a most signal dispensation of 
Providence to moderate the intensity of the cold 
in winter. 

CAROLINE. 

This theory of the non-conducting power of 
liquids does not, I suppose, hold good with respect 
to air, otherwise the atmosphere would not be 
heated by the rays of the sun passing through it ? 

kMRS, B. 
Nor is it heated in that way. The pure atmo- 
here is a perfectly transparent medium, which 
neither radiates, absorbs, nor conducts caloric, but 
transmits the rays of the sun to us without in any 
way diminishing their intensity. The air is there- 
fore not more heated, by the sun's rays passing 
through it, than diamond, glass, water, or any 
other transparent medium. 



1 That is very extraordinary ! Are glass windows 
t heated, then, by the sun shining on them ? 



kNo; not if tlie glass be perfectly transparent. 

Kmost convincing proof that glass transmits the 
grs of the sun without being heated by them is 
Ebrded by the burning lens, which by converging 



the rays to a focus will set combustible bodies on 
fire, without its own temperature being riused. 

Yet, Mrs. B., if I hold a piece of glass near tie 
fire, it is almost immediately warmed by it; tlie 
glass therefore must retain some of the caloric 
radiated by the fire ? Is it that the solar rays 
alone pass freely through glass without paying 
tribute ? It seems unaccountable that the radiation 
of a common fire should have power to do what 
the sun's lays cannot accomplish. 



It is not because the rays from the fire bare 
more power, but rather because they have less, 
that they heat glass and other transparent bodies. 
It is true, however, that as you approach the source 
of heat, the rays being nearer each other, the heal 
is more condensed, and can produce effects of 
which the solar rays, from the great distance of 
their source, are incapable. Thus we should find 
it impossible to roast a joint of meat by the sun's 
rays, though it is so easily done by culinary heat. 
Yet caloric emanated from burning bodies, which 
is commonly called culinary heat, has neither the 
intensity nor the velocity of sotar rays. All caloiK^ 
we have said, is supposed to proceed originally 
from the sun ; but after having been incorporated 
with terrestrial bodies, and again given out by 
them, though its nature is not essentially altered) 
it retains neither the intensity nor the velocity wJlh 



which it first emanated from that luminary ; it has, 
therefore, not the power of passing through trans- 
parent mediums, such as glass and water, without 
being partially retained by those bodies. 




1 recollect that in the experiment on the reflec- 
tion of heat, the glass skieen which you interposed 
between the burning taper and the mirror arrested 
the rays of caloric, and suffered only those of light 
,to pass through it. 

CAROLINE. 

Glass windows, then, though they cannot be 
faeated by the sun shining on them, may be heated 
fiiternally by a fire in the room ? But, Mrs. B., 
liince the atmosphere is not warmed by the solar 
'tays passing through it, how does it obtain heat'/ 
^r all the fires that are burning on the surface 
of the earth would contribute very little towards 
warming it. 

EMILY. 

The radiation of heat is not confined to burning 
)dies : for all bodies, you know, have that pro- 
•rty ; therefore, not only every thing upon the 
irface of the earth, but the earth itself, must 
diate heat ; and this terrestrial caloric, not 
liaving, I suppose, sufficient power to traverse the 
itmosphere, communicates heat to it. 

MRS. B. 

Your inference is extremely well drawn, Emily ; 
lUt the foundation on which it rests is not sound ; 

E 6 



&ct is, that terrestrial or culinary heU 

t cannot pass tlirougli the < 
parent mediums, such as glass or water, without 
toss, traverses the atmospiitre completety : so that 
all the heat which the earth radiates, unless it 
meet with clouds or any foreign body to intercept 
its passage, passes into the distant regions of the 
universe. 

CAROLINE, 

What a pity that so much heat should be 
wasted ! 

MRS. B. 

Before you are tempted to object to any law 
of nature, reflect whetlier it may not prove to ht 
one of the numberless dispensations of Providence 
for our good. If all the heat which the earth has 
received from the sun since the creation had been 
accumulated in it, its temperature by this time 
would, no doubt, have been more elevated than 
any human being could have borne. 

CAROLINE. 

I spoke, indeed, very inconsiderately. 
Mrs. B., though the earth, at such a high tem| 
ature, might have scorched our feet, we shi 
always have had a cool refreshing air to breal 
since tlie radiation of the earth does not heat 
atmosphere. 

EMn,y. 

The cool air would have afforded but very 
insufficient refreshment, whilst our bodies were 
exposed to the burning radiation of the earth. 
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MRS. B. 

Nor should we have breathed a cool air ; for 
though it is true that heat is not communicated to 
the atmosphere by radiation, yet the air is warmed 
by contact with heated bodies, in the same manner 
as solids or liquids. Tlie stratum of air which is 
immediately in contact with the earth is heated by 
it : it becomes specifically lighter, and rises, making 
way for another stratum of air, which is, in its turn, 
lieated and carried upwards; and thus each suc- 
cessive stratum of air is warmed by coming in con- 
tact with the earth. You may perceive this effect 
in a sultry day, if you attentively observe the strata 
of air near the surface of the earth : they appear 
in constant agitation : for though it is true the air 
is itself invisible, yet the sun shining on the vapours 
floating in it render them visible, like the amber 
dust in the water. The temperature of the surface 
of the earth is therefore the source from whence 
the atmosphere derives its heat, though it is 
communicated neither by radiation, nor trans- 
mitted from one particle of it to another by the 
conducting power; but every particle of air must 
come in contact with the earth, in order to receive 
heat from it. 

EMTLT. 

Wind, then, by agitating the air, should con- 
tribute to cool the earth and warm the atmosphere, 
by bringing a moi'e rapid succession of fresh strata 
of air in contact with the earth ? and yet in general 
wind feels cooler than still air. 




from the surface of our bodies more rapidly than 
still air, by occasioning a greater number of points 
of contact in a given time. 

EMILY. 

Since it is from the earth, and not the sun, thai 
the atmosphere receives its heat, I no longer wffli- j 
der that elevated regions should be colder thsn | 
plains and valleys. It was always a subject of 
astonishment to me, that in ascending a mountain 
and approaching the sun, the air became colder 
instead of being more heated. 

MRS. B. 

At the distance of about a hundred millions of 
miles, which we are from the sun, the approach of 
a few thousand feet makes no sensible difference, 
whilst it produces a very considerable eflfect with 
regard to the warming the atmosphere at the 
surface of the earth. 

CAROLINE. 

Yet as the warm air arises from the earth, and 
the cold air descends to it, I should have supposed 
that heat would have accumulated in the upper 
regions of the atmosphere, and that we should 
have felt the air warmer as we ascended. 



The atmosphere, you know, diminishes in density, 
and consequently in weight, as it is more distant 
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from the earth : the warm air, therefore, rises only 
till it meets with a stratum of air of its own density ; 
snd it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been 
previously heated. The length of summer, even in 
warm climates, does not heat the air sufficiently to 
melt the snow which has accumulated during the 
winter on very high mountains, ahhough they are 
almost constantly exposed to the heat of the 

jsun's rays, being too much elevated to be oflen 

,' enveloped in clouds. 

These explanations are very satisfactory; but 
allow me to ask you one more question respecting 
• the increased levity of heated liquids. You said 
that when water was heated over the fire, the par- 
ticles at the bottom of the vessel ascended as soon 
fts heated, in consequence of their specific levity : 
. why does not the same effect continue when the 
, water boils, and is converted into steam ? and why 
does the steam rise from the surface instead of the 
bottom of the liquid ? 

MRS. B. 

The steam or vapour does ascend from the 
|, bottom, though it seems to arise from the surface 
of the liquid. We shall boil some water in this 
riorence flask (Plate IV. fig. 1.) in order that 
you may be well acquainted with the process of 
""ebullition : you will then see, through the glass, 
^ that the vapour rises in bubbles from the bottom. 
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We shall make it boil by means of a lamp, whicl 
is more convenient for this purpose than 
chimne; fire. 

EMILY. 

I see some small bubbles ascend, and a great 
many appear ali over the inside of the flask : does 
the water begin to boil already ? 

MRS. B. 

No : what you now see are bubbles of air, * 
were either dissolved in the water, or attached b 
the inner surface of the Raiik, and which, being 
rarefied by the heat, ascend in the water. 

EMILY. 

But the heat which rarefies tlie air enclosed in 

the water must rarefy the water at the same timej 
threfore, if it could remain stationary in the wi 
when both were cold, I do not understand why 
should not when both are equally heateil. 

MRS. B, _^^ 

■ Air being much less dense than water, is mow 
easily rarefied ; the former, therefore, expands to 
great extent, whilst the latter continues to occupy 
nearly the same space ; for water dilates compai 
lively but very little without changing its state 
becoming vapour. Now that the water in the 
b^ns to boil, observe what large bubbles rise from 
Uie bottom of it. 

EMILY. 

I see them jierfectly ; but I wonder that th«y 
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hftve suificlent power to force themselves ttirougb 
the water, 

CAROUNE. 

They wttst rise, you know, from their specific 
levity. 

MRS. B. 

You are right, Caroline : but vapour has not in 
all litjiiids (when brought to the degree of vapor- 
ization) the power of overcoming the pressure of 
the less heated surface. Metals, tor instance, mer- 
cury excepted, evaporate only from the surface ; 
therefore no vapour will ascend from them till the 
degree of heat which is necessary to form it has 
reached the surface; that is to say, till the whole 
of the liquid is brought to s state of ebullition. 

EMILY, 

I have observed that steam, immediately issuing 
irom the spout of a tea-kettle, is less visible than 
at a further distance from it ; yet it must be more 
dense when it first evaporates, than when it begins 
to diffuse itself in the air. 

MRS. B. 

Wlien the steam is first formed, it is so perfectly 
dissolved by caloric, as to be invisible. In order, 
however, to understand this, it will be necessary 
for me to enter into some explanation respecting 
the nature of solution. Solution takes place 
whenever a body is melted in a fluid. In this 
operation the body is reduced to such a minute 
itate of division by the fluid, as to become invisible 
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in it, and to partake of its fluidity ; but in coni 
solutions this happens without any decom 
tion, the body being only divided into its inte 
particles by the fluid in which it is melted. 

CAROLINE. 

It is, then, a mode of destroying the attraction I 

of aggregation ? 

MRS. B. 

Undoubtedly. The two principal solvent Euidt 
are '•eater and caloric. You may have observed 
that if you melt sah in water it totally disappear, 
and the water remains clear and transparent as 
before ; yet though the union of these two bodies 
appears so perfect, it is not produced by any chfr 
mical combination : both the salt and the water 
remain unchanged ; and if you were to separate 
tbem by evaporating the latter, you would find 
the salt in the same state as before. 



1 



I suppose that water is a solvent for solid bodlM 

and caloric for liquids ? 
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MRS. B. 
Liquids of course can only be converted i 
vapour by caloric. But the solvent power of this 
agent is not at all confined to that class of bodies ; 
a great variety of solid substances are dissolved by 
heat; thus metals, which are insoluble in water, 
can be dissolved by intense heat, being first fused 
or converted into a liquid, and then rarefied into 
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an inyisible vapour. Many other bodies^ such as 
salt, gums, &c« jdeld to either of these solvents. 

CAROLINE. 

And that, no doubt, is the reason vihy hot water 
will melt them so much better than cold water? 

MRS. B. 

It is so. Caloric may indeed be considered as 
having, in every instance, some share in the solu- 
tion of a body by water, since water, however low 
its temperature may be, always contains more or 
less caloric. 

EMILY. 

Then perhaps water owes its solvent power 
merely to the caloric contained in it ? 

MRS. B. 

That, probably, would be carrying the specula- 
tion too far ; I should rather think that water and 
caloric unite their efforts to dissolve a body, and 
that the difficulty or facility of effecting this depend 
both on the degree of attraction of aggregation 
to be overcome, and on the arrangement of the 
particles, which are more or less disposed to be 
divided and penetrated by the solvent. 

EMILY. 

But have not all liquids the same solvent powei^ 
as water? 

MRS. B. 

The solvent power of other liquids varies accord- 
ing to then: nature, and that of the substances sub- 
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milted to iheir action. Most of these solvents, 
indeed, differ essentially from water, as they do not 
merely separate the integrant particles of the bodies 
which tliey dissolve, hut attack their constituent 
principles by the power of chemical attraction, 
thus producing a true decomposition. These mors 
complicated operations we must consider in another 
place, and confine our attention at present to the 
solutions by water and caloric. 

CAROLINE. 

But there are a variety of substances which) 
when dissolved in water, make it thick and muddy, 

and destroy its transparency. 

MRS. B. 

In this case it is not a solution, but simply 
a mixture. I shall show you the difference be- 
tween a solution and a mixture, by putting some 
common salt into one glass of water, and some 
powder of chalk into another; both these substances 
are white, but their etfect on the water will be very 
different. 

CAROLINE. 

Very different indeed ! The salt entirely disap- 
pears, and leaves the water transparent, whilst the 
chalk changes it into an opaque liquid like milk- 

EMILY. 

And would lumps of chalk and salt produce 
similar effects on water ? ■ 
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Mus. b. 

Yes, but not so rapidly : salt is, indeed, soon 
melted, though in a lump; but chalk, which does 
not mix so readily with water, would require a 
much greater length of time ; I therefore pre- 
ferred showing you the experiment with both 
substances reduced to powder, which does not in 
any respect alter their nature, but facilitates the 
operation merely by presenting a greater quantity 
of surface to the water. 

I must not forget to mention a very curious 
circumstance respecting solutions, which is, that a 
fluid is not nearly so much increased in bulk by 
holding a body in solution, as it would by m^re 
mixture with the body. 

CAROLINE. 

How is that possible ; for two bodies cannot 
exist together in the same space ? 



Two bodies may, by condensation, occupy less 
^3ace when in union than when separate, and this 
I can show you by an ea.sy experiment. 

This phial, which contains some salt, I shall 

fill with water, pouring it in quickly, so as not 

I to dissolve much of the salt; and when it is quite 

cork it. If I now shake the phial till the 
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I shall try to add a little r 



e Ealt. But now, 



X see, Mrs. B., the water runs over. 
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MRS. B. 

Yes ; but observe that the last quantity of saic 
you put in remains aolid at the bottom, and dis- 
places the water; for it has already melted all the 
salt it is capable of holding in solution. This is 
called the point of satttratian; and the water in this 
case is said to be saturated with salt. 

EMILY. 

I think I now understand the solution of a solid 
body by water perfectly ; but I have not so clear 
an idea of a solution of a liquid by caloric. 



It is probably of a similar nature ; but as caloric 
is an invisible fluid, its action as a solvent is nOI , 
so obvious as that of water. Caloric, we may con- . 
ceive, dissolves water, and converts it into vapour 
by the same process as water dissolves salt ; that 
is to say, the particles of water are so minutely di- 
vided by the caloric as to become invisible. Thus, 
you are now enabled to understand why the vapoui' 
of boiling water, when it first issues from, the spout 
of a kettle, is invisible ; it is so, because it is (ben 
completely dissolved by caloric. But the air with 
which it comes in contact being much colder than 
the vapour, the latter yields to it a quantity of its 
caloric. The particles of vapour being thus in a 
great measure deprived of their solvent, gradually 
collect, and become visible in the form of steam. 
which is water in a state of imperfect soliltion [ and | 
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if you were further to deprive it of its caloric, it 
would return to its original liquid state. 

CAROLINE. 

That I understand very well. If you hold a cold 
plate over a tea-urn, the steam issuing from it will 
be immediately converted into drops of water by 
parting with its caloric to the plate; but in what 
state is the steam, when it, becomes invisible by 
being diffused in the air ? 

MRS. B. 

It is not merely diffused, but is again dissolved 
by the air. 

EMILY. 

The air, then, has a solvent power, like water 
and caloric ? 

MRS. B. 

This was formerly believed to be the case. But 
it appears from more recent enquiries that the sol* 
vent power of the atmosphere depends solely upon 
the caloric contained in it. Sometimes the watery 
vapour diffused in the atmosphere is but imper- . 
fectly dissolved, as is the case in the formation 
of clouds and fogs ; but if it get into a region 
sufficiently warm it becomes perfectly invisible. 

EMILY. 

Can any water be dissolved in the atmosphere 
without having been previously converted into 
vapour by boiling ? 
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Unquestionably : and this constitutes the di^< 
ence between ■vaporisation and evaporation. Water, 
when heated to the boiling point, can no longer 
exist in the Form of water, and must necessarily 
be converted into vapour or steam, whatever may 
be tlie state and temperature of the surrounding 
medium ; this is called vaporization. But the atmo 
sphere by means of the caioric it contains can tak« 
up a certain portion of water at any temperatun^ 
and hold it in a state of solution. This is simply 
evaporation. Thus the atmosphere is continually 
carrying off moisture from the surface of the earUi| 
until it is saturated with it. 

CAROLINE. 

That is the case, no doubt, when we feel the 
atmosphere damp. 

MRS. B. 

On the contrary, when the moisture is well dis- 
solved it occasions no humidity: it is only when 
in a state of imperfect solution and floating in die 
atmosphere, in the form of watery vapour, tbat 
it produces dampness. This happens more fre- 
quently in winter than in summer; for the \amt 
the temperature of the atmosphere, the less watH 
it can dissolve; and in reality it never contains so 
much moisture as in a dry hot summer's day. 

CAROLINE, « 

You astonish me ! But why, then, is the air so 
dry in frosty weather, when iu temperature is at 
the lowest ? 
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EMILV. 

This, I conjecture, proceeds not so much from 
the moisture being dissolved, as from its being 
frozen ; is not that the case? 



I It is ; and the freezing of the watery vapour 
which the atmospheric heat could not dissolve 
produces what is called a hoar frost: for the 
ojirticles descend in freezing, and attach themselves 
(whatever they meet with on the surface of the 
Rh. 

The tendency of free caloric to an equiilbrium, 
jgether with its solvent power, are likewise con- 
ected with the phenomena of rain, of dew, &c. 
(I^lieii moist air of a certain temperature happens 
pass through a colder region of the atmosphere, 
parts with a portion of its heat to the surround- 
ig air ; the quantity of caloric, therefore, which 
ed to keep the water in a state of vapour, 
f^g diminished, the watery particles approach 
ch other, and form themselves into drops of 
iter, which, being heavier than the atmosphere, 
scend to the earth. There are also other cir- 
pistances, and particularly the variation in the 
sight of the atmosphere, the changes which take 
jiace in its electrical state, &c., which may contri- 
te to the formation of rain. This, however, is 
intricate subject, into which we cannot more 
lly enter at present. 
VOL. I. I 
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EMILY. 

In what manner do you account for the fon 
ation of dew ? 

MRS. B. 

Dew is a deposition of watery particles or t 
drops from the atmosphere, precipitated by I 
coolness of the evening. 



This precipitation is owing, I suppose, to the 
cooling of the atmosphere, which prevents its re- 
Uiining so great a quantity of watery vapour in 
solution as it does during the heat of the day. 



Such was, from time immemorial, the general!; 
received opinion respecting the cause of dew; but 
it has been very recently proved by a course of 
ingenious experiments of Dr. Wells, that the de- 
position of dew is produced by the cooling of the 
surface of the earth, which he has shown to take 
place previously to the cooling of the atmosphere; 
for on examining the temperature of a plot of 
grass just before the dew-fall, he found that it was 
considerably colder than the air a few feet above 
it, from which the dew was shortly after pre- 



But why should the earth cool 
sooner than the atmospli 



Jl 

)ol in the evenfil^H 



MRS. B. 

Because it parts with its heat more readily' than 
Bah',' the earth is an excellent radiator of caloric, 
rbilst the atmosphere does not possess that pro- 
lerty, at least in any sensible degree. Towards 
irening, therefore, when the solar Iieat declines, 
id when, after sunset, it entirely ceases, the earth 
rapidly cools by radiating heat towards the skies ; 
Whilst the air has no means of parting with its hent 
}ut by coming into contact with the cooled surface 
»f the earth, to which it communicates its caloric. 
\ts solvent power being thus reduced, it is unable 
retain so large a portion of watery vapour, and 
iSeposits those pearly drops which we call dew. 



If this be the cause of dew, we need not be 
apprehensive of receiving any injury from it; 
br it can be deposited only on surfaces that are 

>lder than the atmosphere, which is never the 

ise with our bodies. 



Very true ; yet I would not advise you for this 
ia^on to be too confident of escaping all the ill 
Sects which may arise from exposure to the dew; 
ir it may be deposited on your clothes, and chill 
ou afterwards by its evaporation from them. 
lesides, whenever the dew is copious, there is a 
tliilliness in the atmosphere which it is not always 
fe to encounter. 

F 2 



CAROLINE. 

Wind, then, should promote the depositioi 
dew, by bringing a more rapid succession of \ 
tides of air in contact with the earth, just | 
promotes the cooling of the earth and warm 
the atmosphere during the heat of the day ? 



This may be the case in some degree, provided 
the agitation of the air be not considerable ; for 
when the wind is strong it is found that less dew is 
deposited than in calm weather, especially if the 
atmosphere be loaded with clouds. These accumu- 
lations of moisture not only prevent the free radi- 
ation of the earth towards the upper regions, but 
themselves radiate towards the earth ; for which 
reasons much less dew is formed than on fine clear 
nights, when the radiation of the earth passes with- 
out obstacle through the atmosphere to the distant 
legions of space, whence it receives no caloric in 
exchange. The dew continues to be deposited 
during the night, and is generally most abundant 
towards morning, when the contrast between the 
temperature of the earth and that of the air is 
greatest. After sunrise the equilibrium of tem- 
perature between lliese two bodies is gradually 
restored by the solar rays passing freely through 
the atmosphere to the earth ; and later in the 
morning the temperature of the earth gains the as- 
cendency, and gives out caloric to the air bycontact, 
in the same manner as it receives it from the air 
during the night. 
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Can you tell me, now, why a bottle of wine taken 
fresh from the cellar {in summer particularly), wilt 
soon be covered with dew ; and even the glasses 
into which the wine is poured will be moistened with 
a similar vapour? 

EMILY. 

The bottle being colder than the surrounding air, 
must absorb caloric from it; the moisture, there- 
fore, which that air contained becomes visible, and 
forms the dew which is deposited on the bottle. 



Very well, Emily. Now, Caroline, can you in- 
form me why, in a warm room, or close carriage, 
the contrary effect takes place ; that is to say, that 
the inside of the windows is covered with vapour ? 



I have heard that it proceeds from the breath of 
those within^ the room or the carriage; and I sup- 
pose it is occasioned by the windows, which, being 
colder than the breath, deprive it of part of its 
caloric, and by this means convert it into watery 
vspoQT. 

MHB. B. 

You have both explained it extremely well. 
Bodies attract dew in proportion as they are good 
radiators of caloric, as it is this quality which 
reduces their temperature below that of the atmo- 
sphere ; hence we find that little or no dew is de- 
posited on rocks, sand, or water ; while grass and 
F 3 
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such fluids should be disunited and converted into 
vapour, without any elevation of temperature, in 
spite of the attraction of cohesion. 



It is because the degree of heat at which we 
usually observe these fluids is sufficient to over- 
come their attraction of cohesion. Ether is ofthis 
description : it will boil and be converted into 
vapour, at the common temperature of the air, if 
the pressure of the atmosphere be taken off. 



I thought that ether would evaporate without 
either the pressure of the atmosphere being taken 
away, or heat applied ; and that it was for that 
reason so necessary to keep it carefully corked 
up? 

MRS. B. 

It is true it will evaporate, but without ebul- 
lition ; what I am now speaking of is the vapor- 
isation of ether, or its conversion into vapour by 
boihng. i am going to show you how suddenly 
ihc ether in this phial will be converted into 
vapour, by means of the air-pump. — Observe with 
what rapidity the bubbles ascend, as I take off the 
pressure of the atmosphere. 

CAROLINE. 

It positively boils ; how singular to see a liquid 
boil without heat ! ~ 
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Now I shall place the phial of ether ia this 
glass, which it nearly fits, so as to leave only a 
small space, which I fill with water; and in this 
state I put it again under the receiver. (Plate IV. 
fig. 1.*) You will observe, as I exhaust the 
air from it, that the ether boils whilst the water 
freezes. 

CAROLINE. 

It is, indeed, wonderful to see water freeze in 
contact with a boiling fluid ! 

I EMILY. 

I am at a loss to conceive how the ether can 
pass to the state of vapour without an addition of 
caloric. Does it not contain more caloric in a. 
state of vapour, than in a state of liquidity? 
, I- 
pfU 



It certainly does ; for though it is the pressure 
f tiie atmosphere which condenses it into a liquid. 



■ Two pieces of thin ^ass tubes, sealed at one end, might 
>wer this purpose better. The experiment, however, as 
L here described, is difficult, and requires a very nice apparatus. 
■ But if, instead of phials or tubes, two watch^lasses be used, 
f may be frozen alraoit instantly in the saine manner, 
two glasses are placed over one another, with a few 
rops of water inteiposed between them, and the uppcrmosc 
i filled with ether. After working the pump for a 
! or two, the glasses are found to adhere strongly 
gether, and a thin layer of ice b seen between them. 
F 5 
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it is by forcing out the caloric that belongs to i( 
when in nti aeriform state. 



EMILY. 

You have therefore two difficulties to explain, 
Mrs. B. — First, whence the ether obtains the ca- 
loric necessary to convert it into vapour when it is 
relieved from the pressure of the atmosphere ; and, 
secondly, what is the reason that the water, in 
which the bottle of ether stands, is frozen ? 

CAROLIliE, 

Now, I think, I can answer both these questions. 
The ether obtains the addition of caloric required, 
from the water in the glass ; and the loss of caloric, 
which the latter sustains, is the occasion of its 

freezing. 

MBS, B. 

You are perfectly right; and if you look at the 
thermometer which I have placed in the water, 
whilst I am working the pump, you will see that 
every time bubbles of vapour are produced, the 
mercury descends; which proves that the heat 
of the water diminishes in proportion as the ether 
boils. 

EMILY. 

This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric 
to the ether, the equilibrium of heat must, in this 

ie, be totally destroyed. Yet you have told us. 

kt the exchange of caloric between two bodies of 
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equal temperature was always equal ; how, then, is 
it that the water, which was originally of the same 
temperature as the ether, gives out caloric to it, till 
the water is frozen, and the etlier made to boil ? 



I suspected that you would make these objec- 
tions; and in order to remove them, I enclosed 
two thermometers in the air-pump ; one of which 
stands in the glass of water, the other in the phial 
of ether; and you may see that the equilibrium of 
temperature is not destroyed ; for as the thermo- 
:ter descends in the water, that in the ether sinks 
the same manner ; so that both thermometers 
indicate the same temperature, though one of them 
s in a boiling, the other in a freezing liquid. 

EMILY. 

The ether, then, becomes colder as it boils? 
This is so contrary to common experience, that I 
pjnfess it astonishes me exceedingly. 

CAROLINE. 

It is, indeed, a most extraordinary circumstance. 
But pray how do you account for it? 



I cannot satisfy your curiosity at present ; for 
lefore we can attempt to explain this apparent 
|iarsdox, it is necessary to become acquainted with 
r 6 
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the subject of latent heat ; and that, I think, ' 
must defer till our next interview. 

CAROLINE. 

I believe, Mrs. B., that you are glad to y. 
the explanation; for it must be a very difiici 
point to account for. 



I hope, however, that I shall do it to your coi 
plete satisfaction. 

EMILY. 

But before we part, give me leave to ask you one ' 
question. Would not water, as well as ether, boil 
with less heat, if deprived of the pressure of the 
atmosphere ? 

MRS. B. 

Undoubtedly. You must always recollect that 
there are two forces to overcome, in order to make 
a liquid boil or evaporate ; the attraction of aggre- 
gation, and the weight of the atmosphere. Oa 
the summit of a high mountain (as M. De Saussure 
ascertained on Mount Blanc) much less heat is 
required to make water boil, than in the plain, 
where the weight of the atmosphere is gi-eater." 
Indeed, if the weight of the atmosphere be entirely 
removed by means of a good air-pump, and if 
water be placed in the exhausted receiver, it will 

• On the top of Mount Blanc, water boiled when heatetf. 
only to 187 degrees, instead of 212 degrees. ^ 
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evaporate so fast, however cold it may be, as to 
give it the appearance of boiling from the surface. 
But without the assistance of the air-pump, I can 
show you a very pretty experiment, which proves 
the effect of the pressure of the atinosphere in 
this respect. 

Observe, that this Florence flask is about half 
ftill of water, and the upper half of invisible vapour, 
the water being in tlie act of boiling. — I take it 
from the lamp, and cork it carefully — the water, 
you see, immediately ceases boiling. — I shftU now 
dip the Hask into a basin of cold water.* 



But look, Mrs. B., the hot water begins to boil 
again ; although the cold water must rob it more 
and more of its caloric ! What can be the reason 
of that? 



Let us examine its temperature. You see the 
Aermometer immersed in it remains stationary at 
180 degrees, which is about SOdegrees below the 
boOing point. When I took the flask from the 
lamp, I observed to you that the upper part of it 
was tilled with vapour ; this being compelled to 
yield its caloric to the cold water, was again con- 

• The same effect may be produeed b^ wrapping a cold 
wet linen cloth round the upper part of the fiask. In order 
to »how how much the water cools whilst it is boiling, a 
tfaennDmeier, graduated on the tube itseir, may be introducEd 
into the bottle through the cork. 



i 
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densed into water. — What, then, filled the up] 
part of the flask ? 

EMILT. 

Nothing ; for it was too well corked for the air 
to gain admittance, and therefore the upper part of 
the llask must be a vacuum. 



The water below, therefore, no longer sustaina 
the pressure of the atmosphere, and will conse* 
quently boil at a much lower temperature. Thus, 
you see, though it had lost many degrees of heat, 
it began boiling again the instant the vacuum was 
formed above it. Tlie boiling has now ceased, the 
temperature ofthewater being still farther reduced: 
if it had been ether, instead of water, it would have 
continued boiling much longer, for ether boils, un- 
der the usual atmospheric pressure, at a tempera- 
ture as low as 100 degrees; and in a vacuum it 
boils at almost any temperature ; but water being 
a more dense fluid, requires a more considerable 
quantity of caloric to make it evaporate quickly, 
even when the pressure of the atmosphere is re- 
moved. 

EMILY. 

What proportion of vapour can the atmosphere 
contain in a state of solution ? 



I do not know whether it has been exactly as- 
certained by experiment; but at any rate this pro- 
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portion must vary, according to the temperature 
of the atmosphere; for the lower the temperature, 
the smaller must be the proportion of vapour which 
the atmosphere can contain. 

To conclude the subject of free caloric, I should 
mention Ignition^ by which is meant that emission 
of light which is produced in bodies at a very high 
temperature, and which is the effect of accumulated 
caloric. 

EMILY. 

You mean, I suppose, that light which is pro- 
duced by a burning body ? 

MRS. B. 

No; ignition is quite independent of combustion. 
Clay, chalk, and indeed all incombustible sub- 
stances, may be made red hot. When a body 
bums, the light emitted is the effect of a chemical 
change which takes place, whilst ignition is the 
effect of caloric alone, and no other change than 
that of temperature is produced in the ignited body. 

All solid bodies, and most liquids, are suscep- 
tible of ignition, or, in other words, of being heated 
so as to become luminous ; and it is remarkable 
that this takes place pretty nearly at the same tem- 
perature in all bodies, that is, at about 800 degrees 
of Fahrenheit's scale. 

« 

EMILY. 

But how can liquids attain so high a tempera- 
ture, without being converted into vapour ? 
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MRS. B. 

By means of confinement and pressure. Water 
confined in a strong iron vessel (called Papin's di- 
gester) can have its temperature raised to upwards 
of +00 degrees. Sir James Hall has made some 
very curious experiments on the effects of heat as- 
sisted by pressure: by means of strong gun-barrels, 
he succeeded in melting a variety of substances 
which were considered as infusible ; and he con- 
sidered it not unlikely that, by similar methods^ 
water itself might be heated to redness. 



I am surprised at that ; for I thought that the 
force of steam was such as to destroy almost all 
mechanical resistance. 



i 

he 
all 



The expansive force of steam is prodigious ; but 
in order to subject water to such high temperature, 
it is prevented by confinement from being con- 
verted into steam, and the expansion of heated 
water is comparadvely trifling. 



CAROLINE. 



Tlien, do you think it probable that water mig 
ever be made red hot ? 



Mr. Perkins has already accomplished this 
gular phenomenon. He raised water to a n 



FKEE CALORIC. 118 

higher temperature than had ever been done be- 
fore, by heating it in a strong iron vessel, which he 
completely filled and kept under great pressure. 
He has thus succeeded in making water red hot, 
and capable of liquefying several of the metals. 

CAROLINE. 

How very curious ! I should be delighted to see 
water red hot. 

MRS. B. 

I am sorry that your curiosity cannot be gratified, 
for the instant the vessel should be opened the 
water would be converted into steam. 

CAROLINE. 

But, if it were heated in a transparent glass ves- 
sel you could see it without opening the vessel* 

MRS. B. 

The heat which is necessary to make the water 
red hot, would not only make the glass red also, 
but would melt it. It is, therefore, only by analogy 
that we conclude the water in Mr. Perkins's vessel 
to be heated to redness, because we know that at 
the temperature of between 700° and 800° bodies 
in general become so. 

We have dwelt so long on the subject of free 
caloric, that we must reserve the other modi- 
fications of that agent to our next meeting, when 
we shall endeavour to proceed more rapidly. 




MRS. B. 

le the other modifications 



'Wz are now to 
of caloric. 

CAROLINE. 

- I am very curious to know of what nature 
can be; for I have no notion of any kind of best 
that is not perceptible to the senses. 



edi^ 



In order to enable you to understand them, it 
will be necessary to enter into some previous ex- 
planations. 

It has been discovered by modem cheniists, that 
bodies of a different nature, heated to the same 
temperature, do not contain the same quantity of 
caloric. 

CAROLINE. 

How could that be ascertained? Have you not 
told us that it is impossible to discover the absolute 
(juanticy of caloric which bodies contain ? 
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MRS. B. 

True; bat at the same time I said that we were 
enabled to form a judgment of the proportions 
which bodies bore to each other in this respect. 
Thus it is found, that, in order to raise the temper- 
ature of different bodies the same number of de- 
grees, different quantities of caloric are required 
for each of them. If, for instance, you place a 
pound of lead, a pound of chalk, and a pound of 
milk in a hot oven, they will be gradually heated 
to the temperature of the oven ; but the lead will 
attain it first, the chalk next, and the milk last* 

CAROLINE. 

Tliat is a natural consequence of their difi*erent 
bulks ; the lead being the smallest body, will be 
heated soonest, and the milk, which is the largest, 
will require the longest time. 

MRS. B. 

That explanation will not do ; for if the lead be 
the least in bulk, it ofiers also the least surface to 
the caloric, the quantity of heat therefore which 
can enter into it in the same space of time is pro- 
portionally smaller. 

EMILY. 

Why, then, do not the three bodies attain the 
temperature of the oven at the same time ? 

MRS. B. 

It is supposed to be on account of the different 
capacity of these bodies for caloric 
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CAROLINE. 

What do you mean by the capacity of a body 
for caloric ? 

MRS. B. 

I mean a certain disposition of bodies to require 
more or less caloric for raising their temperature 
to any degree of heat. Perhaps the fact may be 
thus explained : — 

Let us put as many marbles into this glass as it 
will contain, and pour some sand over them — 
observe how the sand penetrates and lodges be- 
tween them. We shall now fill another glass with 
pebbles of various forms — you see that they ar- 
range tliemselves in a more compact manner than 
the marbles, which being globular, can touch each 
other by a single point only. The pebbles there- 
fore will not admit so much sand between them; 
and consequently one of these glasses will neces- 
sarUy contain more sand than the other, tliougb 
both of them be equally full- 

CAROLINE. 

This I understand perfectly. The marbles and 
the pebbles represent two bodies of diiFerent kiiida, 
and the sand the caloric contained in them ; and 
it appears very plam, from this comparison, that 
one body may admit of more caloric between its 
particles than another. 



You can no longer be surprised, therefore, 1 
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bodies of a different capacity for caloric should 
require different proportions of that fluid to raise 
their temperatures equally. 

EMILY. 

But I do not conceive why the body which con- 
tains the most caloric should not be of the highest 
temperature; that is to say, feel hot in proportion 
to the quantity of caloric it contains. 

MRS. B. 

The caloric that is employed in filling the capa- 
city of a body is not fi'ee caloric ; but is imprisoned 
as it were in the body, and is therefore impercept- 
ible; for we can feel only the caloric which the 
body parts with, and^iot that which it retains. 

CAROLINE. 

It appears to me very extraordinary that heat 
should be confined in a body in such a manner as 
to be imperceptible. 

MRS. B* 

If you lay your hand on a hot body, you feel 
only the caloric which leaves it, and enters your 
hand ; for it is impossible that you should be sen- 
sible of that which remains in the body. The 
thermometer, in the same manner, is affected only 
by the free caloric which a body transmits to it, 
and not at all by that which it does not part 
with. 



IIS 



COIlBIMItD CALOBIC. 



CAROLINE. 

I begin to understand it ; but I confess that tl 
idea of insensible heat is so new and strange to me, 
that it requires some lime to render it familiar. 



Call it insensible caloric, and the difficulty will 
appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so situ- 
ated as to be incapable of producing that sensation. 
Yet this modification of caloric is commonly called 

SPECIFIC HEAT. 

CAROLINE. 

But it certainly would have been more correct 
to have called it specific caloric. 

EMILY. 

I do not understand how the term specific applies 
to this modification of caloric? 



It expresses the relative quantity of caloric which 
difierent species of bodies of the same weight and 
temperature are capable of containing. This mo- 
dification is also frequently called heat of capacity, 
a term' perhaps preferable, as it explains better its 
own meaning. 

You now understand, I suppose, why the milk 
and chalk required a longer portion of time than 
the lead to raise their temperature to that of the 
oven? 
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EMILY. 

Yes : the milk and chalk having a greater ca- 
pacity for caloric than the lead, a greater pro- 
portion of that fluid became insensible in those 
bodies; and the more slowly, therefore, their 
temperature was raised, 

CAROLINE. 

But might not this difference proceed from the 
different conducting powers of heat in these three 
bodies, since that which is the best conductor must 
necessarily attain the temperature of the oven 
first? 

MRS. B. 

Very well observed, Caroline. This objection 
would be insurmountable, if we could not, by re- 
versing the experiment, prove that the milk, the 
chalk, and the lead, actually absorbed different 
quantities of caloric; and we know that if the dif- 
ferent time they took in heating proceeded merely 
from the diversity of their conducting powers, they 
would each have acquired an equal quantity of 
caloric 

CAROLINE. 

Certainly. But how can you reverse this expe- 
riment? 

MRS. B. 

It may be done by cooling the several bodies to 
the same degree, in an apparatus adapted to re- 
ceive and measure the caloric which they give out. 
Thus, if you plunge them into three equal quafl- 
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titles of water, each at the same temperature, j 
will be able to judge of the relative quantity <rf 
caloric which the three bodies contained, by tha^ 
which, in cooling, they communicated to their 
respective portions of water : for the same quan- 
tity of caloric which they each absorbed to raise 
their temperature, will abandon them in lowering 
it; and, on examining the three vessels of water, 
you will find the one in which you immersed the 
lead to be the least heated ; that which held the 
chalk will be the next ; and that which cootiuned j 
the milk will be heated the most of all. Tie 1 
celebrated Lavoisier has invented a machine to 
estimate, upon this principle, the specific heat of 
bodies in a more perfect manner ; but I cannot ■ 
explain it to you, till you are acquainted with t] 
next modification of caloric. 



EMILY. 

The more dense a body is, I suppose, the U 
its capacity for caloric ? 



1 



This is not always the case with bodies of a 
ferent nature; iron, for instance, contains more 
specific heat than tin, though it is more dense 
This seems to show that specific heat does not 
merely depend upon the interstices between the 
particles ; but, probably, also upon some peculiar 
constitution of the bodies, which we do not c< »n- 
T>rB>iend, 
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But, Mrs. B.,itwoul<I appear tome more proper 
to compare bodies hy measitre, ratlier thiui by 
VKtght, in order to estimate their specific Iieai, 
Why, for instance, should we not compare pints 
of milk, of chtilk, and of leud, rntlier than pounds 
of those substances ; for equal weights may be 
composed of very different quantities ? 

MRS. B. 

Yon are mistaken, my dear : equal weight must 
contain equal quantities of matter ; and when we 
wish to know what is the relative quantity of 
caloric, which substances of various kinds arc ca- 
pable of containing under the same temperature, we 
must compare equal weights, and not equal hulks, 
of those substances. Bodies of the same weight 
may undoubtedly bo of very different dimensions ; 
but that does not change their real quantity of 
matter, A pound of feathers does not contain one 
atom more than a pound of lead. 

CAKOLINE. 

I have another difficulty to propose. It appears 
to me, that if the temperature of the three bodies 
' in the oven did not rise equally, they would never 
reach the same degree : the lead would always 
keep its advantage over the chalk and milk, and 
would, perhaps, be boiling before the others had 
tttained the temperature of the oven. I think you 
might as well say, that in the course of time, you 
and I shall be of the same age. 



mus. b. 
Your comparison is not conect, Caroline. As 
soon ns the lead reached the temperature of the 
oven, it would remain stationary : for it would thai 
give out as much heat as it would receive. You 
should recollect that the exchange of radiating 
heat, between two bodies of equal temperature, 
is equal : it would be impossible, therefore, iot 
the lead to accumulate heat after having attained 
the temperature of the oven ; and that of the 
chalk and milk, therefore, would ultimately arrive 
at the same standard. Now I fear that this will 
not hold good with respect to our ages, and that, 
as long as I live, I shall never cease to keep mj 
advantage over you. 

EMILY. 

I think that I have found a comparison fiv 
specific heat, which is very applicable. Suppose 
that two men, of equal weight and bulk, but who 
required different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry; 
the one would consume a much greater quantity 
of provisions than the other, in order to be equally 
satisfied. 

MRS. B. 

Yes, that is very fair; for the quantity of food 
necessary to satisfy their respective appetites 
varies in the same manner as the quantity of 
caloric requisite to raise equally the temperature 
of different bodies. 



The thermometer, then, affords no indication of 
ke specific heat of bodies. 

, MRS. B. 

: None at all : no more than satiety is a test of 

le quantity of food eaten. The thermometer, 

as I have repeatedly said, can be affected only by 

free caloric, which alone raises the temperature 

of bodies. 

But there is another mode of proving the ex- 

of specific heat, which affords a very satis- 

illnstration of that modification. This, 

'ever, I did not enlarge upon before, as I 

lUgbt it might appear to you rather complicated. 

If you mix two fluids of different temperatures, 

let us say the one at 50 degrees, and the other at 

100 degrees, at what temperature do you suppose 

the mixture will be ? 

CAROLINE. 

It will be, no doubt, the medium between the 
■o, that is to say, 75 degrees. 



That will be the case if the two bodies happen 
have the same capacity for caloric; but if not, 

different result will be obtained. Thus, for 
iptance, if you mix together a pound of water, 
lied at 50 degrees, and a pound of mercury 
tted at 100 degrees, the temperature of the 
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mixture, instead of being 75 ilegiees, will be about 
52 degrees ; so that the water will have gained 
only 2 degrees, whilst the mercury will have lost 
48 degrees ; from which ynii will conclude that the 
capacity of mercury for heat is less than that of 
water, in the proportion of 2 to 48, or 1 to 24. 

CAROLINE. 

I wonder that mercury should have so little spe- 
cific heaL Did we not see it was a much belter 
conductor of heat than water? 



And it is precisely on that account that its spe- 
cific heat is less. Fur since the conductive, power 
of bodies dejiends, as we have observed before, on 
their readiness to receive heat and pait with it, it 
is natural to expect that those bodies which are the 
worst conductors should absorb the most caloric 
before they are disposetl to part with it to other 
bodies. But let us now proceed to latent heat. 

CAROLINE. ^^H 

And pray what kind of heat is that ? ^H 

MRS. B. 

It is another modification of combined caloric 
which is so analojjous to specific heat, that most 
cheniista make no distinction between them ; bul 
M. Pictet, in his Essay on Firo, has so clearly 
discriminated ihem, that I am induced to adopt 
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his view of the suliject. We therefore call latent 
heat that portion of insensible cnloric which is em- 
ploj'ed in changing the state of bodies ; that b to 
■ay, in converting solids into liquids, or hquids 
&tt) vapour. When a body changes its state trom 
solid to liquid, or from Uquid to vapour, its expan- 
uon occasions a sudden and considerable increase 
of capacity for lieat, in consequence uf which, it 
immediately absorbs a quantity of caloric, which 
ibeconies fixed in the body it has transformed ; and 
it is perfectly conceulefl from uur senses, it has 
obtained the name of laient heat. 

CAROLINE. 

1 think it would be much more correct to call 
Jlhis modification latent caloric instead of latent 
lieat, since it does not excite tlie sensation of heat. 



This mollification of heat was discovered and 
'named by Dr. Black long before the French che- 
fflists uitroducecl tiie term caloric, and we must 
not presume to change it, as it is still used by much 
better cliemists than ourselves. Besides, you are 
not to suppose that the nature of heat is altered 
by being variously modified : for if latent heat 

id specific heat do not excite the same sensations 
free caloric, it is owing to their being in a state 
confinement, which prevents them from acting 

KJn our organs ; and, consequently, as soon as 
ttiey are extricated from the body in which they 
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SO quickly in the water as it did in the ice, previous 
to its beginning tu melt, though the lamp bums 
equally well ? 

MRS. B. 

That is owing to the different specific heat of ice 
and water. Tlie capacity (if water fur caloric being 
greater than that of ice, more heat is required to 
raise its temperature, and therefore the thermome- 
ter rises slower in the water than it did in the ice. 



True: you said that a solid body always in- 
creased its edacity for heat by becoming fluid; 
and this is an instance of it. 

MRS. B. 

Yes ; and the latent heat is that which is aln 
sorbed, in consequence of the greater capacity 
which the water has for heat, in comparison to ice. 

Imust now tell you a curiuus calculation founded 
on that consideration. I liuve before observed to 
you, that thougli the thermometer shows us the 
comparative warmth of bodies, and enables us to 
determine the same point at different times and 
places, it gives us no idea of the absolute quanbty 
of heat in any body. We cannot tell how low it 
ought to fall by the privation of all heat, but an 
attempt has been made to infer it in the following 
manner. It has been found by experiment that the 
capacity of water for heat, when compared with that 
of ice, is as 1 to 9 ; so that, at the same tempera- 
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ture, ice contains one tenth of caloric less than 
water. By experiment, also, it is observed, that, in 
order to melt ice, there must be added to it as 
much heat as would, if it did not melt it, ruse its 
temperature 1 40 degrees. This quantity of heat is 
therefore absorbed when the ice, by being con- 
verted into water, is miule to contain one ninth 
more caloric than it did before. Therefore 140 
degrees is a ninth part of the heat contained in ice 
at 30 degrees; and the point of zero, or the abso- 
lute privation of heat, must consequently be 1260 
degrees below 32 degrees. 

l^is mode of investigating so curious a question 
is ingenious; butitscoiTectness is not yet established 
by similar calculations for other bodies. The points 
of absolute cold, indicated by this methoil in va- 
rious bodies, are very remote from each other ; it 
is however possible, that this may arise from some 
imperfection in the experiments. 

CAROLINE. 

It is, indeed, very ingenious — but we must now 
attend to our present es[)eriment. The water 
begins to boil, and the thermometer is again 
stationary. 

MRS. B. 

Well, Caroline, it is your turn to explain the 
phenomena. 

CAROLINE. 

It is wonderfully cuiious ! The caloric is now 
busy in ciianging the water into steam, in which it 
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hides itself, &nd becomes insensible. This is an- 
other example of latent heat producing a change 
of form. At first it converted a solid body into*. 
liquid, and now it turns the liquid into vapour ! 

MRS. B. 

You see, my dear, how easily you have become 
acquainted with these"* modi fications of insensible 
heat, which at first appeared so unintelligible. If, 
now, we were to reverse these changes, and cod* 
dense the vapour into water, and the water into 
ice, the latent heat would re-appear entirely in the 
form of free caloric. 

EMILY. 

Pray do let ns see tlie effect of latent heat re- 
turning to its free state. 



For thepurpose of showing this, we need simply 
conduct the vapour through this tube into this ves- 
sel of cold water, where it will part with its latent 
heat and return to its liquid form. 

EMILY. 

How rapidly the steam lieats the water ! 



That is because it does not merely impart its iree 
caloric to the water, but likewise its latent heat- 
This method of heating liquids has been turned to 
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advantage in several economical establishments. 
Tlie steam-kitchens, which are getting into such 
general use, are upon the same principle. The 
steam is conveyed through a pipe in a similar man- 
ner, into the several vessels which contain the pro- 
visions to be dressed, where it communicates to 
them its latent caloric, and returns to the state of 
wster. Count Humford makes great use of this 
principle in many of his fire-places : his grand 
maxim is, to avoid all unnecessary waste of caloric, 
for which purpose he confines the heat in such a 
manner, thatnot a particle of it shall unnecessarily 
escape ; and white he econombes the free caloric, 
he takes care also to turn the latent heat to advan- 
tage. It is thus that he is enabled to produce a 
degree of heat superior to that which is obtained 
in common fire-places, though he employs less 
fuel. 

EMILY. 

When the advantages of such contrivances are 
Jo clear and plain, I cannot understand why they 
are not universally used. 



A long time is always required before innova- 
'tions, however useful, can be reconciled with the 
prejudices of the vulgar. 

EMILY. 

What a pity it is that there should be a preju- 
'■dice against new inventions : how much more 
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rapidly the world would improve, if sncb 
ful discoveries were immediately and uaiversal^ 
adopted I 

MRS. B. 

Among the variety of novelties attempted to 
introduced, I l)elieve, my dear, that there are Bt 
many, the adoption uf which would be prcjudicia 
to society, as theru arc of tliose which woidd 
beneficial to it. The well-informed, though by 
means exempt from eiror, have an uiiquestionabl* 
advantage over the ignorant, in judging what Jl 
likely or not to pi^ve serviceable ; and therefore m 
find the former uiore ready to adopt such discon 
ries as promise to be really advantageous, than thi 
latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its 
introduction. The well-informed, however, are 
frequently disappointed in their most sanguine 
expectations; and the prejudices of the vulgar, 
though they often retard the progress of knowledge, 
yet sometimes, it must be admitted, prevent the 
propagation of error. 

But the most important use to which we apply 
steam is the steam-engine : its prodigious advantage 
in the aits renders it an object uf such universal 
interest, that I think it will be worth youi- while 
to bestow a little attention upon it ; but as it would 
interrupt our present subject, we will defer it till 
we have concluded the history of caloric. To re- 
tarn, therefore, to latent heut ; we have converted 
steam into water, and are now to change water 
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into ice, in order to render the latent heat sensible, 
as it escapes from the water on its becoming solid. 
For this purpose we must produce a degree of 
cold which will make water freeze. 

CAROLINE. 

That must be very difficult to accomplish in this 
warm room. 

2d[RS. B. 

Not so difficult as you think. There are certain 
chemical mixtures which produce a n^id change 
frx)m the solid to the fluid state or the rererse, in 
the substances combined, in consequence of which 
change latent heat is either extricated or absorbed. 

EMILY. 

I do not quite understand you. 

MRS. B. 

This snow and salt which you see me mix to- 
gether, are melting rapidly; heat, therefore, must 
be absorbed by the mixture, and cold produced. 

CAROLINE. 

It feels even colder than ice, and yet the snow is 
melted. This is very extraordinary. 

MRS. B. 

The cause of the intense cold of the mixture is 
to be attributed to the change of a solid to a fluid 
state. The union of the snow and salt produces a 
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new arrangement of their particles, iu consequeoce 
of which they become liquid ; and the quanUty of 
caloric, required to effect this change, is j 
upon by the mixture wherever it can be obtainei I 
The eagerness of the mixture for caloric, diu 
its liquefaction, is such, that it converts part of iti 
own free caloric into latent heat, and it is thus ths 
its temperature is lowered. 



Whatever you put in this mixture, therefore, 
would freeze? 

MRS. B. 

Yes; at least any fluid that is susceptible of 
freezing at that temperature. I have prepared this 
mixture of salt and snow for the purpose of freezing 
the water from which you are desirous of seeing the 
latent heat escape. I have put a thermometer in 
the glass of water that is to be frozen, in order that 
you may see how it cools. 



The thermometer descends, but the heat which 
the water is now losing, is its Ji'ee, not its laleni 
heat. 

MRS. B. 

Certainly : it does not part with its latent heat, 
till it changes its state and is converted into ice>. 



EMILY. 

But here is a very extraordinary circumstance 



i 
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The thermometer has fallen below the freezing 
point, and yet the water is not frozen. 

MRS. B. 

That is always the case previous to the freezing 
of water when it is in a state of rest. Now it be- 
gins to congeal, and you may observe that the ther- 
mometer again rises to the freezing point. 

CAROLINE, 

It appears to me very strange that the thermo- 
meter should rise the very moment that the water 
freezes ; for it seems to imply that the water was 
colder before it froze than when in the act of 
freezing. 

MRS. B. 

It is so ; and after our long dissertation on this 
circumstance I did not think it would appear so 
surprising to you. Reflect a little, and I think you 
will discover the reason of it. 

CAROLINE. 

It must be, no doubt, the extrication of latent 
heat, at the instant the water freezes, which raises 
the temperature, 

MRS, B. 

Certainly; and if you now examine the thermo- 
meter, you will find that its rise was but temporary, 
and lasted only during the disengagement of the 
latent heat — now that all the water is frozen it 
falls again, and wilt continue to fall till the ice and 
mixture are of an equal temperature. 
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EMILY. 

And can you show us any experiments in wbidi 
liquids, by being mixed, become solid, and disen- 
gage latent heat ? 

MltS. B. 

I could show yiiti several : but you are not yet 
sufficiently advanced to undorstand them well. I 
shall, however, try one, which will afford you s 
striking instance of the fact. Tlie fluid which you 
see in this phial consists of a quantity of a certain 
salt called muriate of lime, dissolved in water. Now, 
if I pour into it a few drops of this other flui4 
called siUpkuiic arid, the whole, or very nearly the 
whole, will be instantaneously converted into a 
solid mass. 

EMILY. 

How wliite it turns 1 I feel the latent heat escap- 
ing; for the bottle is warm, and the fluid is changed 
to » solid white substance like chalk ! 

CAROLrKE. 

This is, indeed) the most curious experiment we 
have seen yet. But pray what is that white vapour 
which ascends from the mixture ? 



MRS. 1 



You nre not yet enongli of a chemist to undi 
stand tliat. — But take care, Caroline, do not a 
proach too near it, for it has a very pungent si 

hall show yon another instance si 
Uutt of the water, which you observed tt 
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Warmer OS kfroee. I have in this phial a solution 
of a salt called sulphate uf soda or Glauber's salt, 
made very sttung, and corked up when it was 
hot, and kept without agitation till it became cold, 
as you may feel the phial is. Now wheo I take 
outthu cork and let the air fail upon it, (fur, lieing 
closed when boiling, there was a vacuum in the 
upper part,) observe that the salt will suddenly 
crystallize. 

C4R0LINE. 

Surprising ! how beautifully the needles of salt 
'have shot through the whole phial ! 

MRS. B. 

Yes, it is very remarkable ; — but pray do not 
ibrget the object of the experiment. Feel how 
warm the phial has become by the conversion of 
part of the liquid into a solid. 

L EMILY. 

I Quite warm, I declare 1 this is a most curious 

ppcperiment of the disengagement of latent heat 

\ MRS. B. 

The slaking of lime is another remarkable in- 
stance of the extrication of latent heat. Have you 
never observed how quicklime smokes when water 
is poured upon it, and how much heat it produces ? 



CAROLINE. 

I Yes ; but I do not understand what change of 
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State takes place in the lime that occasions its givbg 
out latent heat; for the quicklime, which is solid, 
is (if I recollect right) reduced to powder, by thi» 
operation, and is, therefore, rather expanded than 
condensed. 

MRS. B. 

It is from the water, not the lime, that the latenl 
heat is set free. The water incorporates with, and 
becomes solid in the lime ; in consequence of which 

the heat, which kept it in a liquid state, is disen- 
gaged, and escapes in a sensible form. 

CAROLINE. 

I always thought that the heat originated in the 
lime. It seems very strange that water, and cold 
water too, should contain so much heat. 

EMILY. 

After this extrication of caloric, the water must 
exist in a state of ice in the lime, since it parts with I 
the heat which kept it liquid. 



It cannot properly be called ice, since ice im- 
plies a degree of cold, at least equal to the freezing 
point. Yet, as water, in combining with lirae, 
gives out more heat than in freezing, it must be in 
a state of still greater solidity in the lime than it is 
in the form of ice ; and you may have observed 
that it does not moisten or liquefy the lime in the 
smallest degree. 
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EMILY. 

But, Mrs. B., the smoke that rises b white ; if 
it were only pure caloric which escaped, we might 
feel, but could not see it. 

MRS. B. 

This white vapour is formed by some of the par- 
ticles of lime, in a state of fine dust, which are 
carried off by the caloric. 

EMILY. 

In all changes of state, then, a body either 
absorbs or disengages latent heat ? 

MRS. B. 

You cannot exactly say absorbs latent heaty as 
the heat becomes latent only on being confined in 
the body ; but you may say, generally, that bodies, 
in passing firom a solid to a liquid form, or from 
the liquid state to that of vapour, absorb heat; and 
that when the reverse takes place, heat is disen- 
gaged. * 

EMILY. 

We can now, I think, account for the ether 
boiling, and the water fireezing in vacuo, at the 
same temperature, f 

MRS. B. 

Let me hear how you explain it. 

* This rule, if not unifersal, admits of very few exceptions, 
f See page 104. 
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EMILY. 
The latent heat, which the water gave out ii 

freezing, was immediately absorbed by the ethef 
during its conversion intu vagiour ; and, tlierefoK,] 
from a latent state in one liquid, it passed into a 
latent state in the other. 



MRS. B. 

But this only partly accounts for the result of the 
experiment ; it remains to be explained why the 
temperature of the ether, while in a state of ehulli- 
tion, is brought down to the freezing temperature 
of the water. — It is because the ether, during its 
evaporation, reduces its own temperature, in the 
same proportion as that of the water, by convert- 
ing its free caloric into latent heat ; so that, though 
one liquid boils, and the other freezes, their tem- 
peratures remain in a state of equilibrium. 



But why does not water, as well as ether, reduce 
its own temperature by evaporating ? 



The fact is, that it does, though much less ra- 
pidly, than ether. Thus, for instance, you may 
often have observed, in the heat of summer, how 
much any particular spot may be cooled by water- 
ing, though the water used for that purpose be a^ 
warm as the air itself. Indeed so much cold may 
be produced by the mere evaporation of water, 
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that tlie inhabitants of India, by availing tliem- 
selves of the most favourahle circumstances for this 
process which their waiiti climate can afiordi 
namely, the cool of the night, and situations most 
exposed to the night-lireezc, succeed in causing 
water to freeze, though the temperature of the air 
be as high as 60 degrees. The water is put into 
shallow eartlien trays, so as to expose an extensive 
surface to the process nf evaporation, and in the 
morning, the water is found covere<l with a thin 
cake of ice, which is collected in sufficient quantity 
to be used for purposes of luxury. 

CAROLINE. 

How delicious it must be to drink liquids so cold 
jn those tropical climates! But, Mrs. B., could 
we not try that experiment ? 

MRS. B. 

If we were in the country, I have no doubt but 
that we should he able to fi-eezc water, by the 
same means, and under similar circumstances: 
,but we can do it immediately, upon a small scale, 

thb very room, in which the thermometer stands 
at 70 degrees. For this purpose we need only 
place some water in a little cup under the receiver 
of the nir-pump (Plate V, £g. 1,}, and exhaust 
the air from it. What will be the consequence, 
Caroline? 

CARDLIHE. 

Of course the water will evaporate more quickly, 
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since there will no longer be any atmospheric pres- 
sure on its surface: but will this be sufficient to 
make the water freeze ? 



Probably not, because the vapour will not be 
carried oflF fast enough ; but this will be accom- 
plished without difficulty if we introduce into the 
receiver (fig. ].)) in a saucer, or other large shal- 
low vessel, some strong sulphuric acid, a substance 
which has a great attraction for water, whether in 
the form of vapour, or in the liquid state. This 
attraction is such, that the acid will instantly absorb 
the moisture as it rises from the water, so as to 
make room for the formation of fresh vapour ; this 
will of course hasten the process, and the cold pro 
ditced from the rapid evaporation of the water will, 
in a few minutes, be sufficient to freeze its surface.' 
We shall now exhaust the air from the receiver. 



Thousands of small bubbles already 
through the water from the internal surface of ti 
cup ; what is the reason of this ? 



These are bubbles of air which were partly at- 
tached to the vessel, and partlydiffiised in thewater 



■ This experiment was first devised by Mr. Leslie^ and In 
ce been modified in a variety of forms. 
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lelf; and they expand and rise in consequence of 
e atmospheric pressure being removed. 

CAROLINE. 

See, Mrs. B. ; the thermometer in the cup is 
sinking fast; it has already descended to 40 de- 
grees ! 

EMILY. 

I The water seems now and then violently agitated 
1 the surface, as if it were boiling; and yet the 
lermometer is descendins fast ! 



I You may call it boiling, if you please, for this 
learance is, as well as boiling, owing to the 
Wpid formation of vapour ; but here, as you have 
just observed, it takes place from the surface, for 
it is only when heat is applied to the bottom of the 
vessel that the vapour is formed there. — Now crys- 

bls of ice are actually shooting all over the surface 

if the water. 

CAROLINE. 

How beautiful it is ! The surface is now en- 
irely frozen, — but the thermometer remains at 32 
legrees. 

MRS. B. 

And so it will, conformably with our doctrine 
jflatent heat, until thewholeofthe water is frozen; 
lat it will then again begin to descend lower and 
lower, in consequence of the evaporation which 
is on from the surface of the ice. 
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EMILY. 

Tliis is a most interesting experiment ; but i 
would he still more striking if no sulphuric acid 
were required. 

Mas. B. 

I will show you a freezing instrument, contrived 
by Dr. WoUaston, upon the same principle &s 
Mr. Leslie's experiment, by which water may he 
frozen merely hy its own evaporation, without the 
assistance of sulphuric acid. 

This tube, which, as you see (Plate V. fig. 2.), 
is terminated at each extremity by a bulb, one of 
which is half full of water, is internally perfectly 
exhausted of air : the consequence of this is, that 
the water in the bu)b is always much (lisiTOse<l to 
evaporate. This evaporation, however, does not 
proceed sufficiently fast to freeze the water ; but if 
the empty Iiall be cooled by some artificial means, 
so as to condense quickly the vapcjur which rises 
from the water, the process may lie thus so much 
promoted as to cause the water to freeze in the 
other ball. Dr. WoUaston has called this in- 
strument Cryophorus. 

CAROLINE. 

So that cold seems to perform here the same 
part which the suljihuric acid acted in Mr. Leslie's 

experiment? 



Exactly so ; but let us try the experiment 
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EMILY. 

How will you cool the instrument? You have 
neither ice nor snow. 

MRS. B. 

True ; but we have other means of effecting 
this.* You recollect what an intense cold can 
be produced by the evaporation of ether in an 
exhausted receiver. We shall enclose the bulb in 
this little bag of fine flannel (Plate V. fig. 3.), then 
soak it in ether, and introduce it into the receiver 
of the ah-.pump. (Fig. 5.) For this purpose we 
shall find it more convenient to use a cryophorus 
of this shape (fig. 4.), as its elongated bulb passes 
easily through a brass plate which closes the top 
of the receiver. If we now exhaust the receiver 
quickly, you will see, in less than a minute, the wa- 
ter freeze in the other bulb, out of the receiver. 

EMILY. 

The bulb already looks quite dim, and small 
drops of water are condensing on its surface. 

CAROLINE. 

And now crystals of ice shoot all over the water« 
This is, indeed, a very curious experiment ! 

MRS. B. 

You will see, some other day, that, by a similar 

* This mode of making the experiment was proposed, and 
the particulars detailed, by Dr. Marcet, in the 34th vol. of 
Nicholson's Journal, p. 119. 
VOL. I. H 
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method, even quicksilver may be frozen. — Butue 
cannot at present indulge in any further digression. 
Having advanced so far on the subject of heiU, 
I may now give you an account of the calorimeter, 
an instrument invented by Lavoisier, upon the prin- 
ciples just explained, for the purpose of estimating 
the specific beat of bodies. It consists of a vessel, 
the inner surface of which is lined with ice, so as 
to form a sort of hollow globe of ice, in the midst of 
which the body, whose specific heat is to be ascer- 
tained, is placed. The ice absorbs caloric from 
this body, til! it has brought it down to the freezing 
pointy this caloric converts into water a certain 
portion of the ice which runs out through an aper- 
ture at the bottom of the machine ; and the quan- 
tity of ice changed lo water is a test of the quantity 
of caloric which the body has given out in de- 
scending from a certain temperature to the freezing 
point. 

CAROLINE. 

Ill this apparatus, I suppose, the milk, chalk, 
and lead, vfould melt different quantities of ice, In 
proportion to their different capacities for caloric. 



MRS. B. 

Certainly j and thence we are able to ascertain, 
with precision, their respective capacities for heaL 
But the calorimeter affords us no more idea of the 
absolute quantity of heat contained in a body, than 
the thermometer : lor though by means of it i 
extricate both the free and combined caloric, i 
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Vre extricate tbem only to a certain tiegree, which 
Js the freezing point : and we know not how much 
Ithej contain of either below that point. 

EMI1.Y. 

According to the theory of latent heat, it appears 
to me that the weather should be warm when it 
freezes, and cold in a thaw: fur latent heat is liber- 
' ated from every substance that freezes, and such 
' a large supply of caloric must warm the atmo- 
sphere ; whilst, during a thaw, that very quan- 
lily of free heat must be taken from the at- 
m.osphere, and return to a latent state in the 
bodies which it thaws. 



Your observation is very natural ; but consider 
that in a frost the atmosphere is so much colder 

than the earth, that all the caloric which It lakes 
from the freezing bodies is insufficient to raise its 
temperature above the freezing point; otherwise 
the frost must cease. Yet if the quantity of latent 
heat extricated does not destroy the frost, it serves 
to moderate the suddenness of the change of tem- 
perature of the atmosphere, at the commencement 
both of frost and of a thaw. In the first instance, 
its extrication diminishes the severity of the cold^ 
and, in the latter, its absorption moderates the 
warmth occasioned by a thaw : it even sometimes 
produces a discernible chill, at the breaking up of 
a frost. 
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CAROLIME. 

But what are the general causes that produce 
those sudden chaDges in the weather, especialtf 
from hot to cold, which we ofteu experience? 

MRS. B. 

This question would lead us into meteorological 
discussions, to which I am by no means competent 
One circumstance, however, we can easily under- 
stand. When the air has passed over cold coun- 
tries, it will probably arrive here at a temperature 
much below our own, and then it must absorb heat 
from every object it meets with, which will produce 
a general fall of temperature. 

CAROLINE. 

But pray, now that we know so much of the 
effects of heat, will you inform us whether it is 
really a distinct body, or, as I have heard, a pecu- 
liar kind of motion produced in bodies ? 

HBS. B. 
As I before told you, there is yet much uncer* 
tainty as to the nature of these subtle agents. 
But I am inclined to consider heat not as mere 
motion, but as a separate substance. Late experi- 
ments, too, appear to make it a compound body, 
consisting of the two electricities. 

EMlLy, 

But, Mrs. B., you do not, I hope, forget your 
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promise of giving us an explanation of the Steam- 
Engine? 

MRS. B. 

No ; but I think it would be too great an under- 
taking for this morning. I would rather that you 
should come fresh to the subject in order to be able 
to give it your unwearied attention ; let us, there- 
fore, reserve it for our next interview. 
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CONVERSATION V. 



ON THE STEAM-ENGINE. 



UBS. B., 

I HAVE promised to devote this coDversation 
siring j'ousooie account of the steam-engine. Sii 
its original invention, about tlie middle of the 1 ' 
centurj', it has, by a long series of improvemeQl 
attained such a degree of perfection that it 
onl^works our manufactures, but Ls applied to th( 
conveyance both by land and water. Steam- 
you know, are in general use ; locomotive stea 
engines have long been employed on railways 
several parts of England, to draw coals from I 
mine to tlie place of shipment; and now, by met 
of n railway recently constructed, both passeng 
and guotU are ra^)idly conveyed from MaAcbest 
to llio poll of Liverpool by means of these 
movin^f Ciirriages. 

CAKOLINE. 

AlW(' l)nvin){ both seen and heard so much 
8W*W-«S(p>tp« n* we linve done of late years, I 
ritttMA *>Ih»h<hI ti> confess how ignorant I am 
the ipr^m^ ««» which they act ; but the ma< 
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nery is so complicated, there are so many pipes, and 
valves, and boilers, and coolers, and I know not 
what, that really one's head grows quite confused} 
and can understand nothing. 

MRS. B. 

Here is a little apparatus of no very complicated 
construction, but simple as it is, I think it will^ as- 
sist me in explaining to you the principle on which 
the steam-engine acts. (Plate VI. fig. l.) It con- 
sists, you see, of a glass cylinder, and terminating 
in a bulb or ball, and a piston, which is fitted to 
the cylinder, and can slide up and down within it. 
We shall pour a little water into the bulb, push 
down the piston to the bottom of the cylinder, and 
make the water boil by placing it over this lamp : 
what will happen then ? 

EMILY. 

The steam rising from the water will force up 
the piston by its expansion — just so — as the 
steam is formed the piston rises. 

CAROLINE. 

Oh ! now I understand it; if this was a krge iron 
cylinder instead of a small glass one, and had a 
great beam attached to it to act as a lever, as I have 
seen in real steam-engines, — if the bulb was a spa- 
cious boiler, and the lamp a furnace, we should be 
enabled by it to raise a great weight 

H 4 
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MRS. B. 

The force of steam, when once obtained, may be 
applied to an immense numbei" of purposes ; it may 
be made to push, to pull, to Jift, Eo strike, in a word, 
to put in motion any of the mechanical powers, 
But as yet we have only raised the piston, we must 
get it down again in order to repeat the stroke acd 
continue the action. As soon as I take this glass 
vessel from the lamp, the steam returns to the slate 
of water, a vacuum is formed by its condensation, 
and the piston falls by the weight of the atmo- 
sphere, which you may recollect presses with a 
weight of 15 lbs. on every square inch of the surface 
of the piston.* 

CAROLINE. 

This litde cylinder is easily removed from the 
lamp, but we cannot take a boiler from the furnace 
and replace it again at every stroke of the piston. 

MRS. B. 

We must, therefore, find some other mode of 
condensing the steam, without which the weight of 
the atmosphere will not make the piston descend. 
Tills was at first accomplished by injecting cold 
water into the cylinder. 

EMILY. 

The steam would natui-ai)y give out its latent 
heat to the cold water, and tliis powerful elastic 
fluid would be converted inlo an inert liquid. 

• See Conversations on Natural Philosophy, p. 284. 



MRS. B. 
This is a conclusion, which, in the present slate 
of science, it is very easy to draw; but in the 17th 

Kntury the properties of heat and of steam were 
iqually involved in obscurity. When the Marquis 
uf Worcester first attempted the construction of a 
jteam-engine, it appears probable that he injected 
»ld water simply with a view of replenishing the 
boiler, and that he was not aware that it caused the 
condensation of the steam, or that this condens- 
ation was necessary in order to make the piston 
descend. The Marquis is, however, generally 
considered as the original inventor of the steam- 
engine ; but it was Savary and Newcomens who 
improved upon his ideas, and first produced this 
machine sufficiently well constructed to be brought 
imon use. Plate VI. fig. 2. represents an 
engine tlius improved and applied to the purpose 
jf raising water from a well. 

The steam issuing from the boiler B raises the 
piston P in the cylinder, and, consequently, tliat 
Bild of the lever L to which it is attached by the 
rod R. One end of the lever-beam being thus 
elevated, the other necessarily descends, and forces 
down the rod r and the piston pj in the well W. 

CAROLINE. 

I Now we have the great piston P at the top of 

the cylinder, and the little piston p at the bottom 

of the well ; but in order to bring up the water we 

■ H S 



CAROLINE. 

Then, when the steam below the piston is d 
into the condenser, the steam above it will foi< 
down, and when the steam above the piston fl 
into the condenser, the steam beneath will mat 
rise. It is, therefore, essential that the atmosphj 
air should have no access to the cylinder, o 
the vacuum could not be formed, for the a 
rush in to supply the place of the steam as s( 
this is condensed. But is it not difficult to e 
the air completely, and yet leave room for^ 
piston-rod to move up and down freely ? 



In order to render the cylinder air-tight, tie 
piston-rod sHdes up and do^'n through a small 
box, so well stuffed, with leather and hemp that no 
air can penetrate. 

These movements will be more intelligible if 
you examine Plate VII., which represents a steam 
engine such as is now used ; in which all the essen- 
tial improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the 
mechanism has been substituted in the place of his 
more elaborate and complicated contrivances. AA 
is the boiler, and the fire which heats it is contained 
in the fire-place BB, which, with the flues XX, 
surround it. The water, when converted into steam, 
passes through the pipe CC, and thence into a sort 
of box DD, but for the explanation of the construc- 
tion of this box I must refer you to Plate VIII., 
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is to equalise the motion of a machine, and render 
it uniform.* 

CAROLINE. 

This must be peculiarly applicable to a steam- 
engine whose motion must necessarily be accele- 
rated every time the furnace is replenished with 
fuel, and retarded when the fuel begins to be ex- 
pended. 

MRS. B. 

This irregularity is equalised by another con- 
trivance, which I shall presently explain to you. 
The chief purpose of the fly-wheel is to carry on 
the action of the machine during an instant that 
occurs at every stroke of the piston, when the steam 
is excluded from the cylinder. We have observed 
that the power varies in intensity, being strongest 
when the piston is in the position in which it is de- 
scribed in Plate VIII., which is called being at half 
stroke ; one of the passages for the steam is then en- 
tirely open, and the other completely closed : when 
the piston moves either above or below this point, 
the two passages are but partially opened or closed ; 
and when it reaches either the top or the bottom 
of the cylinder for an instant all the passages are 
closed, then it is that the operation of the fly-wheel 
is essential ; its inertia carries on the action of the 
lever during the instant that the action of the steam 
ceases; this is called the dead-lift; and did not the 
fly-wheel overcome the difficulty, the engine might 
be stopped. 

* See Conversations on Natural Philosophy, p. 140. 
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The contrivance by means of which the quanti^ 
of steam that enters into the cylinder from the 
boiler is regulated, I ehall now explain to you : 6 is 
a valve in the steam-pipe c, called a throttle valve, 
because it enlarges or diminishes the throat or 
passage in order to regulate the quantity of steam, 
so as to make the piston move with the degree 
of velocity required. 

CAROLINE. 

But one would suppose the valve must be en- 
dowed with intelligence to enable it to proportion I 
its aperture to the quantity of steam required ? 

MRS. B. 

That intelligence alone belongs to man; his skill 
transfers it mechanically to inanimate matter, in a 
manner so wonderful, that, it is true, it sometimes 
appears as if it inspired these materials with reason. 



Afier having carried our ingenuity so far as to 
make a few pieces of metal, cut out in different 
forms, and adjusted together, show us the hour of 
the day, and even call out and tell it to us, we can 
be surprised at no mechanical invention ; and it 
appeared to me (^uite natural that the Chinese, in 
Captain Hall's Voyage to Loo Choo, should have 
supposed a watch to have been alive. 

MRS. B. 

t to leturn to the regulator of the steam-en> 
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jioe, — it was Mr. Watt who first contrived to 
nake this throttle- valve self-acting; by adjusting it 
lo, that when the piston was moving with too great 
felocity it would contract and admit less steam into 
lie cylinder, and thus diminish the speed of the 
Machine. And when, on the contrary, itwas moving 
oo slowly, it would enlarge and admit a greater 
[quantity of steam, and thus accelerate its velocity. 
The two balls a a, Plate VII., are so adjusted 
lat the motion of the piston makes them revolve 
lund the spindle b. When the piston moves with 
>roper celerity, these balls, during their revo- 
ntions, will remain at the distance from each 
llther described in the plate ; but wliat will occur 
fthe velocity of the piston be increased ? 

I 

t EMILY. 

t If you increase the cause, the effect will be in- 
jreased in proportion ; the velocity of the balls will 
iR accelerated, and their centrifugal force conse- 

Eently augmented, so that they will recede iiirther 
)m each other. 
MKS. B. 
Very well ; now these balls are connected with 
e throttling- valve 6 by means of the rods cd, in 
inch a manner that when the balls recede from 
tech other, the rods c and d are a little elevated, 
ind the valve, which is a thin vane moving upon a 
^vot, presente its face to the stream of steam is- 
niing from the boiler, and in a great measure op- 
boses its passage by almostclosing the pipe. When, 
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on the contrary, the piston moves too slowly, the 
motion of ihe balls being retarded, and their cen- 
trifugal force diminished, they approach each other, 
the rods c and d are depressed, and tJie valve 
moving on its pivot is turned edgeways towards 
the steam, and thus leaves it a free passage. This 
apparatus, which regulates the throttle- valve, is 
called the governor. 

EMILY. 

It is a very ingenious contrivance; but, Mrs, B., 
there is something which still perplexes me. The 
motion of the ends of the lever-beam is in a curve 
line, yet the piston must move up and down in a 
straight line : now, how can a power moving in a 
curve line produce motion in a straight line in an- 
other body ? 

MRS. B. 

This was attended with some difficulty, but the 
indefatigable ingenuity of Mr. Walt discovered a 
means of overcoming it, called the parallel motion. 
He adjusted a system of levers, e, f, g, h, in such a 
manner, that though the lever-beam in its rising 
and falling described the arc of a circle, that of the 
piston was rectihnear : but this piece of mec} 
ism it would take us much time to explain. 

EMILY. 

Pray how are the high-pressure engines I 
structed, which have been described as so j 
gerous ? 
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MRS. B. 1 

They act on the same principle as that we have 
just examined; but, instead of being riirnished with 
a condenser and air-pump, the steam is allowed to 
escape from the cylinder into the open air ; this 
communication with the atmosphere renders it ne- ( 
cessary that ihe steam should have a much greater 
force than the pressure of the atmosphere, as it 
must counterbalance that pressure before it can act 
upon the piston. We know from experiment that 
steam rising from water, heated to the boiling point 
or the temperatureof 2 12° of Fahrenheit, will ba- 
lance the pressure of the atmosphere; or, which is 
the same thing, press against the piston with a 
force equal to nearly 15 lbs. on every square inch; 
2 lbs. above this, 1 7 lbs, is the force employed in the 
condensing or low-pressure engines ; but in those i 
which have no condenser the water in the boiler is 
heated considerably beyond the boiling point, \ 
acquires a very great expansive force, and exerts a 
proportional pressure on the piston ; it is some- 
times carried so tar as to work the piston with a 
pressure of 60 or SOlbs. on every square inch. 
This highly elastic steam entering alternately at 
each end nf the cylinder, will drive the piston 
backwards and forwards notwithstanding the pres- 
sure of the atmosphere ; and no condenser being 
used, the steam escapes through a tube called a 
waste-pipe. It is easy to conceive that the greater 
the elasticity of the steam, the greater is the 
eof ^ boiler bursting; but the cheapness 
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of these engines, owing to the simplicity of their 
construction, and the convenience of occupying a 
comparatively small space, makes them still occa- 
sionally adopted. 

EMILY. 

The additional quantity of fuel required to bring 
the water to so high a temperature, and the total 
loss of the steam, would, I should have though^ 
more than have counterbalanced the advantage of 
cheapness in the original cost of the engine. 



In coal mines, in which such engines have been 
used, the quantity of fuel is scarcely a consider- 
ation. 

Within these few years, Mr. Wolfe has con- 
structed an engine, consisting of the high-pressure, 
and the condensing engine united together. Tlje 
steam of the first, instead of being lost, is conveyed 
into the condensing engine, simply by connecting 
the cylinders of the two engines by a pipe, which 
conveys the steam from the one to the otlier; 
acting as a waste-pipe to carry off the steam from 
the high-pressure engine, and as a steam-pipe to 
convey it into the condensing engine. He has, 
besides, diminished the danger of high pressure 
very considerably, by constructing tlie boilers 
either of wrought iron or of copper, instead of cast 
iron. In cases of accident, the former gradually 
rend, producing a less violent explosion than the 
latter, which suddenly burst. Besides, the ordi- 
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tiary safety valves formed of thin copper, and with- 
out any external orifice, are usually adapted to these 
en^nes ; for the same reason, plugs, made of a 
very fusible alloy of lead, bismuth, and tin, which 
melt if the heat exceed the temperature required, are 
lOCCaslonally inserted in the bottom of the boiler. 

Engines of this description have been ajiplied 
by Mr. Wolfe to working the mines in Cornwall, 
'and the economy in fuel is such, that this combin- 
nation of the two engines is considered as one of 
the most useful improvements that have been made 
since the time of Mr. Watt. 

CAROLINE. 

Pray, why is the engine of Mr. Watt, which you 
■have described to us, called a double steam-engine? 

It is in order to distinguish it from those of a 

ifferent construction, which he first made, and 

Nphich bear the name of single engines, owing to 

e steam being introduced only above the piston, 
%nd used to force it down, instead of the atmo- 
spheric pressure, which, as I before observed, was 
attended with the inconvenience of cooling the 
cylinder, and the piston was afterwards raised by a 
Counterpoise at the opposite end of the lower beam, 
The steam in this case acts on the piston only at 
ecery other stroke of the lever, only half the quan- 
tityof steam is used, butthen only half, or less than 
^1^ the power is obtained ; it is in consequence of 

VOL. I. I _j 
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those engines (on which the steam acts both above 
and below the piston) performing double the quan- 
tity of work, that they have acquired the name of 
double engines. 

I shall not risk fatiguing you with an accountoC 
the manner in which tlie engine is adapted to steam 
boats, to locomotive carriages, or the various other 
purposes to which it is applied. If you compre- 
hend die principle of its action, it is easy to con- 
ceive that it may be so modified, as to render it 
applicable to wheels, or any other mechamcd 
power whatever. 

I cannot conclude this subject better than in the 
words of Mr. Stuart, who has lately published 
a descriptive history of the steam-engine : — " We 
have said that Mr. Watt was the great improTW 
of the steam-engine ; but in truth, as to all that 
is admirable in its structure, or vast in its atili^i 
he should rather be described as its inventor. 
It was by his invention that its action wae so 
regulated as to make it capable of being applied 
to the finest and most delicate manufactures, and 
its power so increased as to set weight and so- 
lidity at defiance. By his admirable contrivances, 
it has become a thing alike stupendous for its force 
and its flexibility ; for the prodigious powers which 
it can exert, and the ease, precision, and ductility 
with which they can be varied, distributed, and 
applied. The trunk of an elephant that can pick 
up a pin, or rend an oak, is nothing to it ; it can 
engrave a seal, and crush masses of obdurate meUil 
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ce wax before it; draw out, without breaking, a 
iread as fine as a gossamer, and lift a ship of war 
ie a bubble in the air. It can embroider muslin, 
jrge anchors, cut steel into ribands, and impel 
led vessels against the fury of the winds and 



It would be difficult to estimate the value of 
he benefits which these inventions have conferred 
ipon the country. There is no branch of industry 
hat has not been indebted to them ; and in all the 
Host material, they have not only widened most 
nagnificently the field of its exertions, but multi- 
lied a thousand-fold the amount of its productions, 
is our improved steam-engine that has fought 
le battles of Europe, and exalted and sustained, 
irough the late tremendous contest, the political 
reatness of our land. It is the same great power 
now enables us to pay the interest of our debts, 
id to maintain the arduous struggle in which we 
« stiU engaged, against the skill and capital of all 
ither countries. But these are poor and narrow 
iws of its importance. It has increased indefi- 
dy the mass of human comforts and enjoyments, 
rendered cheap and accessible, ail over the 
[ world, the materials of wealth and prosperity. It 
has armed the feeble hand of man, in short, with a 
power to which no limits can be assigned, com- 
pieted the dominion of mind over matter, and laid 
a sure foundation for all those future miracles of 
mechanic power which are to aid and reward the 
labour of after-generations." 



I 



CONVERSATION VI. 

ON THE CHEMICAL AGENCIES OF ELECTEICITT. 



MRS. B. 

It will now be necessary to give you some account 
of certain properties of electricity, which have of 
late years been discovered to have an essentia 
connection with the phenomena of chemistry. I 
allude to the Voltaic battery, of which you liave 
heard such wonders. 

EMILY. 

We have, indeed, but without understandii^ 
them, and I should be delighted to liear them ex- 
plained. Electricity is, I believe, the third im- 
ponderable agent in the first class ? 

MRS. S. 

I have placed electricity in that class, rathev 
from the necessity of classing it somewhere, than 
from any conviction that it has a right to that situ- 
ation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only 
whether it is simple or compound, but whether it 
is in fact a material agent ; or, as Sir H. Davy has 
hinted, whether it may not be merely a properly 
- inherent in matter. 
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CAROLINE. 

Wei], I must confess, I do not feel nearly s 
interested in a science wiiere so much uncertainty 
prevails, as in tliose which rest upon established 
principles. I never was fond of electricity, be- 
3e, however beautiful and curious the pheno- 
mena it exhibits may be, the theories, by which 
they were explained, appeared to me so various, 
so obscure and inadequate, that I always remained 
dis satisfied. I was in hopes that the new disco- 
Teries in electricity had thrown so great a light on 
.the subject, that every thing respecting it would 
,tiow have been clearly explained. 

MRS. B. 

That is a point which we are yet far from 
having attained. But, in spite of the imperfection 
of our theories, you will be amply repaid by tlie 
importance and novelty of the subject. The 
number of new facts which have already been 
ascertained, and the immense prospect of discovery 
which has lately been opened to us, will, I hope, 
ultimately lead to a perfect elucidation of this 
branch of natural science; but at present you must 
be contented with studying the effects, and in some 
degree explaining the phenomena, without aspir- 
r jng to a precise knowledge of the remote cause of 
lelectricity. 

You have already obtained some notions of elec- 
tricity * : in our present conversation, therefore, I 



' See Conversations on Naturai Philosophy. 
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shall confine myself to that part of the science 
which is of late discovery, and is more particularly 
connected with chemistry. 



You rely, perhaps, too much on our memories, 
Mrs. B. Jf you were so kind as to recapitulate 
the principal facts that you have already men- 
tioned, I think it would greatly assist us in undei^ 
standing what we have yet to learn. 



You may recollect that we adopted the opinion 
entertained by the most eminent philosophers, 
that there are two kinds of electricity, distinguished 
by different names. The one called vitreous ot 
positive electricity, the other resinous or negatiw 
electricity. These fluids are supposed to pervade 
all bodies, and so long as they remain united, they 
appear to neutralise each other; for the bodyiB 
which they exist shows no signs of electricity, Enit 
DO sooner are they separated than electricity is ex- 
cited. This separation of the fluids, we have ob- 
served, takes place by friction : thus, if you rub a 
tube of glass with a woollen cloth, the two electri- 
cities are disunited, the resinous passing into the 
cloth, and descending into the ground, and the 
vitreous remaining isolated in the tube. In this 
state its attraction for the resinous electricily is so 
great, that it will take it from any body with which 
it comes in contact, and will even draw very light 
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bodies towards it for that purpose, as you may re- 
collect having seen a glass tube, or a stick of sealing- 
wax, after friction, attracting small pith balls in its 
vicinity. 

EMILY. 

Oh, yes; the glass tube snatches, as it were, the 
resinous electricity from them, and they return 
charged with vitreous electricity j whilst, if it be 
sealing-wax which is rubbed, it is, on the contrary, 
the vitreous electricity which is taken from the 
pith ball, that of the sealing-wax having been 
passed into the rubber during the friction. 



I 



MRS. B. 

Very well. Hitherto we have considered the 
electricities which have been separated by friction ; 
we shall now examine that which is produced by 
contact, and by chemical agency. 

It was a trifling and accidental circumstance 
.which first gave rise to this new branch of physi- 
cal science. Galvani, a professor of natural phi- 
losophy at Bologna, being engaged (about forty 
'^ears ago) in some experiments on muscular irri- 
ttability, observed, that when a piece of metal was 
hid on the nerve of a frog, recently dead, whilst 
the limb supplied by that nerve rested upon some 
other metal, the limb suddenly moved, on a com- 
munication being mode between the two pieces of 
metal. 

EMILY. 

How is this communication made ? 




Either by bringing the two metals Into contact, 
or by connecting them by means of a metallic con- 
ductor. But without subjecting a frog to any cruel 
experiments, I can easily make you sensible of this 
kind of electric action. Here is a piece of zinc, 
(one of the metals I mentioned in the list of ele- 
mentary bodies) — put it tinder your tongue, and 
this piece of silver upon your tongue, and let both 
the metals project a little beyond the tip of the 
tongue ; — very well ; — now make (he projecting 
parts of the metals touch each other, and you will 
instantly perceive a peculiar sensation. 

EMILY. 

Indeed I did ; a singular taste, and I think a. 
degree of heat ; but I can hardly describe it. .^M 



The action of these two pieces of metal on the 
tongue is precisely similar to that made on the 
nerve of the frog. I shall not detain you by a 
detailed account of the theory by which Golvani 
attempted to explain this fact, as it was soon over- 
turned by subsequent experiments, which proved 
that Galvanism (the name this new power had ob- 
tained) was nothing more than electricity. Galvaiii 
supposed that the virtue of this new agent resided 
in the nerves of the frog; but Volta, who pro- 
secuted this subject with much greater succesg, 
showed that the phenomena did not depend on Ij 
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organs of the frog, but upon the electrical agency 
of the metals, which is excited by the moisture of 
the animal ; the organs of the Jrog b^g only a 
delicate test of the presence of electric influence. 

He proved) by a variety of experiments, that 
when two metais, having been placed in contact, are 
afterwards separated, the equihbrium of the two 
electricities is deranged ; part of the vitreous pass- 
ing into the one, and part of the resinous into (he 
Other. It appears, however, that some interven- 
ing fluid is necessary to produce this effect; for, 
if the contact of the plates be made in a perfectly 
idry vacuum, no electricity is excited. 



Is the air, then, sufficient to develope electricity ? 



It is, perhaps, rather the moisture and the car- 
acid contained in the atmosphere which 
iioduce this effect. 



CAROLINE. 

I suppose, then, the saliva of the mouth answers 
he same purpose in exciting the electricity of the 
deces of silver and zinc with which Emily tried 
he experiment on her tongue ? 

MRS. B, 

Precisely. Water, and acids very much diluted 
ly water, are found to be the most effectual in pro- 
noting the developement of electricity in raetals; 



1 78 ELECTRO-CHEMTSTtir. 

nntl, accoi-ciingly, tlie original apparatus which 
Volta first constructed for this porpose consisted 
of a pile or succession of plates of zinc and copper, 
each pair of which was connected by pieces of 
cloth or paper impregnated with water; and this 
instrument, from its original inconvenient struc- 
ture and limited strength, has gradually arrived at 
its present state of power and improvement, such 
as is exhibited in the Voltaic battery. In this 
apparatus, a specimen of which you see before you 
(Plate IX. fig. 1.), the plates of zinc and copper 
are soldered togetlier in pairs, each pair being 
placed at regular distances in earthen troughs, 
and the interstices being filled witli fluid. 

In order to render the action of the Voltaic 
battery more easy to comprehend, let us at present 
confine our attention to the action of two plates 
only. If a, plate of zinc be placed opposite to one 
of copper, as you see represented here (fig. 2.}, and 
the space between them filled with an acid fluid, 
the two electricities will be disengaged from their 
opposite surfaces ; the copper will give out the 
resinous, and the zinc the vitreous. These elec- 
tricities, developed by the chemical action of the 
acid, will also be conveyed by it to the opposite 
plates, so that the vitreous will be accumulated in 
the plate of copper, and the resinous ui that of 
zinc ; or, in other words, the copper will be po- 
sitively electrified, and the zinc negatively. 

EMILY. 

This is very similar to the common electrical 
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machine, excepting that there friction is alone re- 
quired to separate the two electricities of the glass 
plate (Plate IX. fig. 3..) ; for it is by its rotation that 
the resinous electricity is given out into the rubber; 
whilst the vitreous remains in the glass, whence it 
passes into the conductor. 

MRS. B. 

But you may recollect that, unless a commu- 
nication be made between the rubber and the 
ground, a very limited quantity of electricity can 
be evolved, for the rubber has too small a capacity 
to admit of any considerable accumulation of the 
electric fluid. 

CAROLINE. 

And these two small plates of metal must have 
still less capacity ? 

MRS. B. 

Very true. Therefore, if they are not in com- 
munication with other bodies to which they may 
impart their electricities, the quantity developed 
will be very limited. In order that it may be 
evolved freely, and without interruption, some 
means must be devised by which the two plates 
may part with their electricities as soon as they 
receive them. Can you think of any means of 
accomplishmg this ? 

CAROLINE. 

By the addition of more plates, into which the 
electricity may pass in proportion as it is deve- 

I 6 



ISO ELECTRO-CHEHISTRY. 

loped ; and it is no doubt thus that the Voltaic 
battery is constructed. 

MRS. B. 

It is true that the greater the number of plates, 
the greater will be the intensity of the battery ; for 
the electricity is conveyed from one plate to the 
other, till the whole of it is accumulated in the 
two plates which terminate the battery ; the posi- 
tive electricity in the copper plate at one extremity, 
and the negative in the zinc at the other. 

These two extremities are called the poles of 
the battery; the copper plate is the positive 
pole, and the zinc plate the negative pole; and 
each of these plates bear the whole charge of their 
respective electricities. 

But you have removed the difficulty without 
overcoming it, Caroline; for if these two plates 
have no means of getting rid of their charge, no 
fiirther electricity can be given out, and the actH 
of the battery will cease. 



EMILY. 

Would not two chains or wires, suspended from 
either plate to the ground, conduct the electricitia 
into the earth, and thus answer the purpose? 

MRS. B. 

It would answer the purpose of carrying off the 
electricity, I admit; but recollect that, though il is 
necessary to find a vent for it, we must not lose it, 
since it is the power we are endeavouring to c 
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tain. Instead, therefore, of conductmg it into 
the ground, let us make the two wires from the 
two poles meet (Plate IX. fig 1.); the two electri- 
cities will thus be brought together, and will com- 
bine and neutralise each other ; and as long as this 
communication continues, the two plates having a 
vent for their respective electricities, the action of 
the battery will go on freely and uninterruptedly. 

CAROLINE. 

This is, indeed, a most admirable invention ! 
How far superior to the electrical machine, in 
which one of the electricities is conveyed into the 
ground and totally lost. Here nothing is wasted. 

EMILY. 

And is it quite certain that the electricity of the 
Voltaic battery is precisely of the same nature as 
that of the common electrical machine ? 

MRS. B» 

Undoubtedly: the shock given to the human 
body, the spark, the circumstance of the same 
substances which are conductors of the one being 
also conductors of the other, and of those bodies, 
such as glass and sealing-wax, which are non- 
conductors of the one, being also non-conductors 
of the other, are striking proofs of it. Besides, 
Sir H. Davy has shown, in his Lectures, that a 
Leyden jar and a common electric battery can be 
charged with electricity obtained from a Voltaic 
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trical macliine, so as to produce a visible spart: 
when accumulated in a Leyden jar. 

By increasing the number of plates of a battery, 
yo« increase its iiUetisili/, whilst, by enlarging die 
ilimensions of the plates, you augment its quantity. 
It was at first supposed that it was the size, rath^ 
tlian the number of plates that was essential to the 
aiijpnentation of power. It was, however, found, 
Upon trial, that the quandly of electricity produced 
by d\e Voltaic battery, even when of a very mo- 
derate size, was suflSciently copious for clieinical 
decomposition, and that the chief advantage in 
this apparatus consisted, as 1 have said, in the 
eontinuity of iU action. 

CAROLINE, 

Well, now that we understand the nature of 
the action of the Voltaic battery, I long to hear 
cm ncrount of the chemical discoveries to which it 
has given rise. 

MRS. B. 

You roust restrain your impatience, my dear, 
fi>r I cannot with any propriety introduce "ivt 
subject of these discoveries till we come to them 
in the regular course of our studies. There is, 
however, a recent discovery respecting the Voltaic 
pile, which, though not itmnediately connected 
witli chemistry, is too curious to be passed over ui 
silence- It relates to the influence of electricity 
on magnetism, first discovered by a Danish pi 
losopher, Mr. Oersted. You already know 
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; of tbe wonderful property of the magoGtic 

jieedle to direct one of its extremities towards the 

north; and jou may easily conceive how interesting 

any new fact relating to this truly mysterious 

agent must be to science. The fact that was first 

discovered is this : if a Voltaic battery be so placed 

as to have its negative pole directed towards the 

south, and its positive one towards tlie north, a 

communication being at tiie same time established 

over the battery, between its two poles, by means 

^ a metallic wire ; and if a magnetic needte be 

nspended just above tlie wire, and in a parallel 

jrection, the needle will immediately move round 

pon its pivot, its northern extremity directing 

tself towards the west, more or less, according to 

be energy of the pile, while, on the other hand, 

f the magnetic needle be placed below the Voltaic 

inductor, it will likewise begin to move round, 

t its north pole will, in this case, point towards 

J east, 

EMILY. 

How curious this is ! and pray how is this sin- 
plar effect explained ? 



It b one of the most intricate points of natural 
lence, and one upon which philosophers are not 
!t fully agreed. Several of the most eminent 
dentific men, however, are earnestly engaged in 
ivestigating the subject; and the facts they have 
teady discovered, render it exti'emeiy probable 
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that tlie electricjil and magnetic fluids are identi- 
cally the same ; and that the magnetic properties 
are capable of being imparted to iron aiid steel by 
means of a Voltaic current. But the expcrimcDts, 
by means of which this fact was demonstrated, are 
far too difficult for me to venture on their ex- 
planation. Besides, they belong rather to natural 
philosophy than chemistry. 

Having now concluded our examination of the 
three imponderable agents — heat, light, and elec- 
tricity — we shall proceed to the second class, and 
oxygen will next come under our consideration! 
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MRS. B. 

To-day we shall examine the chemical properties 

of the ATMOSPHERE. 

CAROLINE. 

I thought that we were first to learn the nature 
of Oxygen ? 

MRS. B. 

And so you shall : the atmosphere being com-* 
posed of two principles, Oxygen and Nitrogen, 
we shall proceed to analyse it, and consider its 
component parts separately. 

It is deviating, it is true, from the order of our 
arrangement, to introduce oxygen and nitrogen to 
your acquaintance simultaneously, but their union 
in the atmosphere is so interesting, that they would 
both lose by being treated of independently of 
each other. 

EMILY. 

I thought that the atmosphere had been a very 
complicated fluid, composed of all the variety of 
exhalations from the earth. 
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MRS. B. 

Such substances may be considered rather as 
heterogeneous and accidental, than as formitig anj 
of its component parts ; and the proportion they 
bear to the whole mass is quite inconsiderable. 

Atmospherical air is composed of two gases, 
known by the names of oxvoen gas and nitroges 



Pray what is a gas ? 

MRS. IS. 

The name of gas is given to any fluid capable of 
existing constantly in an aeriform state, under tbe 
pressureandat the temperature of the atmosphere. 

CAROLINE- 

Is not water, or any other substance, when eva- 
porated by heat, called gas ? 

MRS. B. 

No, my dear ; vapour is, indeed, an elastic fluid, 
and bears a strong resemblancetoagas; there are, 
however, several points in which they essentially 
difler, and by which you may always distinguish 
them. Steam, or vapour, owes its elasticity merely 
to a high temperature, which is equal to that of 
boiling water. And it differs from boiling water 
only by being united witli more caloric, which, as 
we before explained, is in a latent state. When 
st^am is cooled, it instantly returns to llie form of 
water ; but the greater part of the airs 
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have never yet been rendered liquid or solid by any 
degree of cold. It appears, however, by some recent 
experiments of Mr. Faraday, that several bodiies 
hitherto considered as permanent gases may be 
reduced to the liquid form by subjecting them to 
great pressure in glass vessels. Under these cir- 
cumstances carbonic acid, sulphureous acid, sul« 
phuretted hydrogen, nitrous oxide, euchlorine, 
cyanogen, ammonia, chlorine, and the muriatic 
acid, assume the liquid form, and appear as limpid 
and highly mobile fluids. 

EMILY. 

And is it not probable, that other gases may be 
condensed by similar means, and that nitrogen, 
oxygen, and even hydrogen itself, may become 
liquid, provided a sufficiently powerful compressing 
force could be applied ? 

MRS. B. 

Very probably; for Mr. Perkins has ascertained 
that atmospheric air, when subjected to a pressure 
of a thousand atmospheres, is condensed into a 
liquid ; and that a part even remains in a liquid 
state for some time after the removal of the com- 
pression. He has also found that acetic acid 
under this enormous pressure is made to crys- 
tallise. 

EMILY. 

But does not gas, as well as vapour, owe its 
elasticity to caloric ? 

MRS. B. 

This is the prevailing opinion; and the diiference 
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between gas and vapour is thought to depead on 
the difTereiit manner in which caloric is united 
with the basis of these two kinds of elastic fluids. 
In vapour it js considered as in a. latent state; ill 
gas it is supposed to be cberaically combined. 

EMILY. 

When you speak, then, of the simple bodies 
oxygen and nitrogen, you mean to express those 
substances which are the basis of the two gases? 

MRS, B, 

Yes, in strict propriety ; for they can properit 
be called gases only when brought to an aiirifonn 

state. 

CAROLINE, 

In what proportions are they combined in ihr 
atmosphere ? 

MRS. B. 

The oxygen gas constitutes a little more than 
one fifth, and the nitrogen gas a little less than 
tour fifths. When separated, they are found to 
possess qualities totally different from each othert 
oxygen gas being essential both to respiration and 
combustion, while neither of these processes OU) 
be performed in nitrogen gas. 

CAROLINI:. 

But if nitrogen gas be unfit for respiration, how 
does it happen that the large proportion of it which 
enters into the composition of the atmosphere ii 
not a great impediment to breathing ? 
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MRS, B. 

We should breathe more freely than our lungs 
could bear, if we respired oxygen gas alone. The 
nitrogen is no impediment to respiration, and pro- 
bably, on the contrary, answers some useful pur- 
pose, though we do not know in what manner it 
acts in that process. 

EMILY. 

And by what means can the two gases which 
mpose the atmospheric air be separated? 

MRS. B. 

are many ways of doing this, and one of 
raost interesting is by combustion. 

EMILY. 

You surprise me ! how is it possible that com- 
bustion should separate the two gases ? 

MRS. B. 

Bodies which are not already combined with 
oxygen will attract it, and at a certain elevation 
of temperature will absorb it from the atmo- 
sphere, in which case the nitrogen gas will remain 
alone, and may thus be obtained in its separate 
state. 

CAROLINE. 

I do not understand how a gas can be 
absorbed. 

MRS. B. 

It is only the oxygen, or basis of the gas, which 
is absorbed, while the caloric which held it in a 
iseous form escapes. 



EMILY. 

And what becomes of this caloric? 



We shall make this piece of dry wood attract 
oxygen from the atmosphere, and you will see 
what becomes of the caloric. 

CAROLINE. 

You are joking, Mrs. B. ; you do not mean to 
decompose the atmosphere with a piece of dry 

stick ? 

MRS. B. 

Not the whole body of the atmosphere, certainly; 
but if we can make this piece of wood attract any 
cjuantity of oxygen from it, a proportional quan- 
tity of atmospherical air will be decomposed. 

CAROL! KE. 

If wood has so strong an attraction for oxygen, 
why does it not decompose the atmosphere spon- 

taneonsly ? 

MRS. B. 

An elevation of temperature, I have told you, 
was requisite, for what purpose is not known; 
perhaps it may be to diminish the cohesive al- 
traction of the wood, which would enable the 
oxygen to penetrate and combine with it more 
readily. 

What means, now, shall we employ to raise tlie 
temperature of the wood, so as to enable it 
attract oxygen from the atmosphere ? 
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CAROLINE. 

Holding it near the fire, I should think, would 
answer the purpose. 

MRS. B. 

It may, provided you hold it sufficiently close 
to the fire ; for a very considerable elevation of 
temperature is required. 

CAROLINE. 

It has actually taken fire ; and yet I did not 
let it touch the coals, but I held it so close that 
I suppose it caught fire merely from the intensity 
of the heat. 

MRS. B* 

Or you might say, in other words, that the 
caloric which the wood imbibed, so much elevated 
its temperature as to enable it to attract oxygen 
very rapidly from the atmosphere. 

EMILT. 

Does the wood absorb oxygen while it is 
burning? 

MRS. B. 

Yes ; and the heat and light which held it in a 
gaseous state are set at liberty, in consequence of 
the oxygen combining with the wood. 

CAROLINE. 

You astonish me ! The heat of a burning body 
proceeds, then, as much fi*om the atmosphere as 
from the body itself ? 

VOL. I. K 
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The caloric, given out during combustion, f 
ceeds entirely, or nearly so, from the deconipt 
tion of the oxygen gas. 

EMILT. 

I have not yet met with any thing in chemij 
that has surprised or delighted me so mucT 
this explanation of combustion. I was at first n 
dering what connection there could be bel 
aflanity ofabody for oxygen and its combustibili 
but I think I understand it now perfectly. 

MRS. fi. 

Combustion, then, yon see, is nothing more 
than the rapid combination of a body with oxygen, 
attended by the disengagement of light and heal. 

EMILY. 

But are there no combustible bodies whoj 
attraction for oxygen is so strong, that they ^ 
combine with it, without the application of heatfl 

CAROLINE!. 

That cannot be ; otherwise we should see bodiiq 
burning spontaneously. 

MRS, B. 

There are some instances of this kind, such as 
phosphorus, potassium, and some compound bo- 
dies, which I shall hereafter make you acquainted 
with. These bodies, however, are prepared by 
art, for, in general, all the combustions that cootd 
occur spontaneously, at the temperature of t 
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atmosphere, have already taken place; therefore 
new combustions cannot happen without the t«n- 
perature of the body being first raised. Some 
bodies, however, will burn at a much lower tem- 
perature than others. 

CAROLINE. 

But the common way of burning a body is not 
merely to approach it to one already on fire, but 
rather to put the one in actual contact with the 
other, as when I burn this piece of paper by 
holding it in the flame of the fire. 



The closer it is in contact with the source of 
caloric, the sooner will its temperature be raised 
to the degree necessary for it to burn. If you hold 
it near the fire, the same effect will be produced; 
but more time will be required, as you found to be 
the case with the piece of stick. 

EMILY. 

But why is it not necessary to continue applying 
caloric throughout the process of combustion, in 
order to keep up the elevation of temperature of 
the wood, which is required to enable it to combine 
with the oxygen ? 

MRS. B. 

The caloric which is gradually disengaged 
during combustion keeps up the temperature of 
the burning body; so that when once combus- 
tion has begun, no further application of caloric 
is requisite. 



196 OXYGEN AND NITROGEN. 

CAROLINE. 

Since I have learned this wonderfiil theory of 
combustion, 1 cannot help gazing at the fiie ; and 
I can scarcely conceive that tlie heat and light, 
which I always supposed to proceed entirely from 
the coals, are really produced by the decomposition 
of the atmosphere. 

EMILY. 

When you blow the fire, you increase the com- 
bustion, I suppose, by supplying the coals with a 
greater quantity of oxygen gas ? 

MRS. B, 

Certainly ; but of course no blowing will pro- 
duce combustion, unless the temperature of the 
coals be first raised. A single spark, however, is 
sometimes sufficient to produce that effect ; for, as 
I said before, when once combustion has com- 
menced, the caloric disengaged is sufficient to 
elevate the temperature of the rest of the body, 
provided that there be a free access of oxygen. It 
however sometimes happens that if a fire be lU 
made, it will be extinguished before all the fiiel 
is consumed, from the very circumstance of the 
combustion being so slow that the caloric disen- 
gaged is insufficient to keep up the temperature 
of the fuel. 

You must recollect that there are three things 
required in order to produce combustion ; a com- 
bustible body, oxygen, and a temperature at vrbatikm 
the one wilt combine with the other. 
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EMILY. 

You said that combustion was one inetl)od of 
decomposing the atmosphere, and obtaining the 
nitrogen gas in its simple state ; but how do you 
secure this gas, and prevent it from mixing with 
jthe rest of the atmosphere? 

MRS. B. 

It is necessary for this purpose to burn the body 
within a close vessel, which is easily done. — We 
shall introduce a small lighted taper (Plate X. 
1.) under this glass receiver, which stands 
a basin over water, to prevent nil commu- 
nication with the external air, 

CAROLINE. 

How dim the light burns already ! — It is now 
extinguished. 

MRS. B. 

Can you tell us why it is extinguished ? 

CAROLINE. 

Let me consider, — The receiver was full of 
•tmospherical air ; the taper, in burning withm it, 
must have combined with the oxygen contained in 
that air, and the caloric that was disengaged pro- 
daced the light of the taper. But when the whole 
of the oxygen was absorbed, no more caloric 
could be produced, the taper ceased to burn, and 
the flame was extinguished. 

MRS. B, 

Your explanation is perfectly correct. 
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EMILY. 

The two constituents of the oxygen gas 1 
thns disposed ot^ what remains under the receiver 
must be pure nitrogen gas. 
MRS. B. 

Tliere are some circumstances which prevent 
the nitrogen gas, thns obtained, from being pure ; 
but we may easily try wiiether the oxygen has 
disappeared, by putting another lighted taper 
under it. — You see how instant^ieously the taper 
is extinguished, for want of oxygen ; and were 
you to put an animal under the receiver, it would 
immediately be suiFocated. But that is an experi- 
ment which I do not think your curiosity will 
tempt you to try, 

EMILY. 

Certainly not. — But look, Mrs. B., the receiver 
is fill! of a thick white smoke. Is that nitrogen 
gas? 

MRS. B. 

No, my dear : nitrogen gas is perfectly trans- 
parent and invisible, like common air. This cloudi- 
ness proceeds from a variety of exhaladons, which 
arise from the burning taper, the nature of which 
you cannot at present understand. 

CAROLINE. 

The water within the receiver has 
little above its level in the basin, 
reason of this ? 



With a moment's reflection, I dare say, 
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would have explained it yourself. The water rises 
in consequence of the oxygen gas within it having 
been destroyed, or rather decomposed, by the com- 
bustion of the taper. 

CAROLINE. 

Then why did not the water rise immediately 
when the oxygen gas was destroyed ? 

MRS.B. 

Because the heat of the taper, whilst burning, 
occasioned a dilatation of the air in the vessel, and 
a production of carbonic acid, which at first coun- 
teracted this effect 

Another means of decomposing the atmosphere 
is the oxygenation of certain metals. This process 
is very analogous to combustion ; it is, indeed, only 
a more general term to express the combination 
of a body with oxygen. 

CAROLINE. 

In what respect, then, does it differ from com- 
bustion ? 

MRS. B. 

The combination of oxygen in combustion is 
always accompanied by a disengagement of light 
and heat, whilst this circumstance is not a necessary 
consequence of simple oxygenation. 

CAROLINE. 

But how can a body absorb oxygen when in a 
gaseous state, without light and heat being disen- 
gaged? 

• K 4 
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MRS. B. 

Oxygen does not always present itself in a 
gaseous form ; it is a constituent part of a vast 
number of bodies, both solid and liquid, in which it 
exists in a state of greater density than in the atmo- 
sphere ; and from these bodies it may be obtained 
without much disengagement of caloric. It naj 
likewise in some cases be absorbed from the atmo- 
sphere without any sensible production of light 
and heat : for, if the process be slow, the caloric 
is disengaged in such small quantities, and so 
gradually, that no sensible quantity of light or 
heat is produced. In this case the combination 
with oxygen is called oxygenation or oxidation, 
instead of combmtioji. 

EMILY. 

I wonder that metals can unite with oxygen ; 
for, being so dense, their attraction of aggre- 
gation must be very great; and I should have 
thought that oxygen could never have penetrated 
such bodies, 

MRS. B. 

Their strong attraction for oxygen coun) 
balances this obstacle. Most metals, howe^ 
require to be made red-hot before they are cap( 
of attracting oxygen in any considerable quanti 
By this combination they lose most of their i 
tallic properties, and fall into a kind of powder* 
formerly called calx, but now much more properly 
termed an oxide ,- thus we have oxide of lead, oxide 
of iron, &C. 
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CAROLINE. 

The word oxide, then, simply means a metnl 
combined with oxygen ? 



Yes; bnt the term is not confined to metals, 
though chiefly applied to them. Any body what- 
ever, that has combined with a certain quantity 
of oxygen, either by means of oxidation or com- 
bustion, is called an oxide, and is said to be ox- 
idated or oxijgenatetL This black powder is an 
oxide of manganese, a metal which has so strong 
an affinity for oxygen, that it attracts that sub- 
'atance from the atmosphere at any known tem- 
perature ; it is, therefore, never found in its me- 
tallic form, but always in that of an oxide, in 
■which state, you see, it has very little of the ap- 
ance of a metal. It is now heavier than it 
»as before oxidation, in consequence of the ad- 
ditjocal weight of the oxygen with which it has 
combined. 

CAROLINE. 

I am very glad to hear that ; for I confess I could 
[hot help having some doubts whether oxygen was 
sally a substance, as it is not to be obtained in a 
i^ple and palpable state; but its weight is, I think, 
i decisive proof of its being a real body. 

MKS. B. 

It is easy to estimate its weight, by separating it 
^m the manganese, and finding how much the 
latter has lost. 

K 5 
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m the metaL ' 



EMILY, 

But if you can tak§ the oxygen from the metal, 
shall we not then have it in its palpable simple 

slate? 

MRS. B. 

No; for I can only separate the oxygen from the 
manganese, by presenting to it some other body, 
for which it has a greater affinity than for the man- 
ganese. Caloric has this superior attraction for 
oxygen, and by uniting with it restores it to the 
aerifomi state. I have put some oxide of man- 
ganese into a retort, which Is aTi earthen vessel 
with a bent neck, such as you see here. (Plate X. 
fig. 2.) — The retort containing the manganese 
you cannot see, as I have enclosed it in this fur- 
nace, where it is now red-hot. But, in order to 
make you sensible of the escape of the gas, I have 
connected the neck of the retort with this bent 
tube, the extremity of which is immersed in this 
vessel of water. (Piate X. fig. 3.) — Do you see 
the bubbles of air rise through the water ? 

CAROLINE. 

Perfectly. This, then, is pure oxygen gas; what a 
pity it should be lost ! Could you not preserve it ? 

MRS. B. 

We shall collect it in this receiver. — For this 
purpose, you observe, I first fill the receiver with 
water, in order to exclude the atmospherical air; 
and then place it over the bubbles which issue 
from the retort, so as to make them rise through 
the water to the upper part of the receiver. 
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EMILY. 

The bubbles of oxygen gas rise, I suppose, from 
their specific levity ? 

MRS.B. 

Yes ; for though oxygen forms rather a heavy 
gas, it is light compared to water. You see how 
it gradually displaces the water from the receiver. 
It is now fuU of gas, and I may leave it inverted 
in water on this shelf, where I can keep the gas as 
long as I choose, for future experiments. This 
apparatus (which is indispensable in all experi- 
ments in which gases are concerned) is called a 
water-bath. 

CAROLINE. 

It is a very clever contrivance, indeed ; equally 
simple and useful. How convenient the shelf is 
for the receiver to rest upon under water, and the 
holes in it for the gas to pass into the receiver ! I 
long to make some experiments with this appa- 
ratus. 

MRS. B. 

I shall try your skill that way, when you have 
a little more experience. I am now going to show 
you an experiment which proves, in a very striking 
manner, how essential oxygen is to combustion. 
You will see that iron itself will burn in this gas, 
in the most rapid and brilliant manner. 

CAROLINE. 

Really I I did not know that it was possible to 
burn iron. 

K 6 
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MRS. B. _ 

Iron, like all other metals, will combine with 
oxygen, but it will not burn in atmos[iberical air 
without a Very great elevation of temperature ; it 
is, however, eminently combustible in pure oxygen 
gas ; and what will surprise you still more, it cao 
be set on fire without any considerable rise of tem- 
perature. You see this spiral iron wire. — I fasten 
it at one end to this cork, which is made to fit an 
opening at the top of the glass receiver. ( Plate X. 

H- *■) 

EMILY. 

I see the opening in the receiver : but it is care- 
fully closed by a ground glass stopper. 

MRS. B. 

That is in order to prevent the gas from escap- 
ing ; but I shall take out the stopper, and put in 
the cork, to wliicb the wire hangs. — Now I mean 
to burn this wire in llie oxygen gas, and this 
small piece of lighted tinder fixed to its extremity 
is sufficient to give the first impulse to combustion. 
I shall now introduce the wire into the receiver, 
by quickly changing the stoppers. 

CAROLINE. 

Is there no danger of the gas esc^ing while 
you change the stoppers ? 

MRS. B. 

Oxygen gas is a little heavier than atmospherical 
air, therefore it will not mix with it very rapidly ; 
and, if I do not leave the opening uncovered, 
shall not lose any 
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CAROLINE. 

Ob, what a brilliant and beautiful flame ! 

EMILY. 

It is as white and dazzling as the sun ! — Now 
a piece of the melted wire drops to the bottom : I 
fear it is extinguished; but no, it burns again 
as bright as ever. 

MRS. B. 

It will burn till the wire is entirely consumed, 
provided the oxygen be not first expended; for 
you know it can burn only while there is oxygen 
to combine with it. 

CAROLINE. 

I never saw a more beautiful light. My eyes 
can hardly bear it ! How astonishing to think 
that all this caloric was contained in the small 
quantity of gas and iron enclosed in the receiver; 
and without producing any visible heat ! 

EMILY. 

How wonderfully quick combustion goes on in 
pure oxygen gas ! But, pray, is no part of the 
wire consumed ? and are these df ops of huriit iron 
as heavy as the wire was before ? • 

MRS. B. 

They are even heavier ; for the iron, in burning, 
instead of sustaining any loss, has acquired the 
weight of the oxygen which has disappeared, and 
is now combined with it. It has become an 
oxide of iron. 
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CAROLINE. 

I do not know what you mean by saying that the 
oxygen has disappeared, Mrs. B., for it was always 
invisible. 

MRS. B. 

True, my dear ; the expression was incorrecL 
But though you could not see the oxygen gas, I 
believe you had no doubt of its presence, as the 
effect it produced on the wire was sufficiently 
evident. 

CAROLINE. 

Yes, indeed ; yet you know it was the calonci 
and not the oxygen gas itself, that dazzled us so 
much. 

MRS. B. 

You are not quite correct in your turn, in 
saying the caloric dazzled you ; for caloric is in- 
visible; it affects only the sense of feeling; h 
was the light which dazzled you. 

CAROLINE. 

True ; but light and caloric are such constanl 
compuiions, that it is difficult to separate them, 
even in idea. 



The easier it is to confound them, tlie mm 
cairefut you should be to preserve the distinctioi 



CAROLINE. 

Bpt why has the water now risen, and I 
part of the receiver ? 
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MRS. 8. 

Indeed, Caroline, I did not suppose you would 
have asked such a question ! I dare say, Emily, 
you can answer it. 

Let me reflect The oxygen has com- 
bined with tlie wire ; the caloric has escaped ; con- 
sequently nothing can remain in the receiver, and 
the water will rise to fill the vacumn. 

CAROLINE. 

I wonder that did not occur to me. I wish 
that we had weighed the wire and the oxygen 
gas before combustion ; we might then have 
found whether the weight of the oxide was 
equal to that of both. 

L MBS. B. 

L You might try the experiment if you particularly 
wished it ; but I can assure you, that, if accurately 
performed, it never fails to show that the addi- 
tional weight of the oxide is precisely equal to 
that of the oxygen absorbed, whether the pro- 
cess has been an actual combustion, or a simple 
oxygenation. 

CAROLINE. 

But this cannot be the case with combustion in 
gwieral; for when any substance is burnt in the 
common air, so far &om increasing in weight, it is 
evidendy diminished, and sometimes entirely con- 
sumed. 

MRS. B. 

I What do yon mean by the expression consumed ? 
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You cannot suppose that the smallest particle of 
any substance in nature can be actually destroyed. 
A compound body is decomposed by combustion; 
some of its constituent parts fly off in a gaseou* 
form, while others remain in a concrete state ; the 
former are called the volatile, the latter xhe^ied 
products of combustion. But if we collect the whole 
of them we shall always find thai they exceed the 
weight of the combustible body, by that of the 
oxygen which has combined with them during 
combustion. 

EMILY. 

In the combustion of a coal fire, then, I suppose 
that the ashes are what would be called the fixed 
product, and tlie smoke the volatile product ? 

CAROLINE. 

Yet, when the fire burns best, and the tjuanti^ 
td" volatile products should be the greatest, there 
is no smoke; how can you account for that? 

EMILY, 

Indeed I cannot; therefore I suppose that I was 
not right in my conjecture. 

MHS. B. 

Not quite ; ashes, as you supposed, are a fixed 
product of combustion; but smoke, properly speak* I 
ing, is not one of the volatile products, as it con- ' 
sists of minute undecomposed particles of the coals 
which are carried ofF by the heated air without 
being burnt, and are either deposited in the form 
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f soot, or dispersed by the wind. Smoke, there- 
'rore, cannot be considered as a product of com- 
bustion, as it consists of particles which have not 
undergone that process. And you may easily 
conceive that the stronger the fire is, the less smoke 
will be produced, because the fewer particles es- 
cape combustion. On this principle depends the 
invention of Argand's Patent Lamps; a current of 
air is made to pass through the cylindrical wick 
of the lamp, by which means it is so plentifully 
supplied with oxygen that scarcely a particle of 
oil escapes combustion, nor is there any smoke 
produced. 

t EMILY. 

But what, then, are the volatile products of 
mbustion ? 
MRS. B. 
Various new compounds, with which you are 
t yet acquainted, and which, being converted 
by caloric either into vapour or gas, are invisible; 
but they can be collected, and we shall examine 
^em at some future period. 



CAROLINE. 

rXhere are, then, other gases, besides the 
bygen and nitrogen gases ? 



f 

r MRS. B, 

Yes, several ; any substance that can i 
and maintain the form of an elastic fluid at the 
temperature of the atmosphere is called a gas. 
Ve shall e.\amine the several gases in their 
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respective places; but we must now confine oui 
attention to those whicb compose the atnto 
sphere. 

I shall show you another method of decotis 
posing the atmosphere, which is very simple. In 
breathing we retain a portion of the oxygen, and 
expire the nitrogen gas ; so that if we breathe in 
a closed vessel for a certain length of time, the air 
within it will be deprived of its oxygen ga& 
Which of you will make the experiment ? 

CAROLINE. 

I should be very glad to try it. 

MRS.B. 

Very well ; breathe several times through this 
glass tube into the receiver with which it is eo» 
nected, until you feel that your breath is ex- 
hausted. 

CAROLINE. 

I am quite out of breath already ! 

MBS. B. 

Now let us try the gas with a lighted taper. 

EMILY. 

It is very pure nitrogen gas, for the tap^^B 
immediately extinguished. ^^ 

MRS.B. 

That is a proof only of the absence of oxygen, 
the principle of combustion ; for the nitrogen gH 
is far from being pure. 
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EM1I.V. 

In the methods which you have shown us, for 
icomposiag the atmosphere, the oxygen always 
jaadoDs the nitrogen ; but is there no way of 
king the nitrogen from the oxygen so as to 
itaio the latter pure from the atmosphere ? 

MRS. B. 

You must observe, that whenever oxygen is 
Jcen from the atmosphere, it is by decomposing 
le oxygen gas ; we cannot do the same with 
le nitrogen gas, because nitrogen has a stronger 
affinity for caloric than for any other known prin- 
apie : it appears impossible, therefore, to separate 
it from the atmosphere by the power of affinities. 
Bat if we cannot obtain the oxygen gas, by this 
neans, in its separate state, we have no difficulty 
[ ts you have seen) to procure it in its gaseous form, 
by taking it from those substances which have ab- 
irbed it from the atmosphere, as we did with the 
tide of manganese. 

EMILY. 

Can atmospherical air be recomposed, by mixing 
due proportions of oxygen and nitrogen gases ? 

MRS. B. 

Yes; if about one part of oxygen gas be mixed 
with about four parts of nitrogen gas, atmospheri- 
cal air b produced.* 

EMILY. 

The air, then, must be an oxide of nitrogen ? 
* The proportion of oxygen in the atmosphere voriei from 
21 10 23 per cent. 
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uas. B. 

No, my dear ; for it requires a chemical c 
bination between oxygen and nitrogen in order ttl 
produce an oxide, whilst iu the atmosphere iheafm 
two substances are separately combined with cal<yl 
ric, forming two distinct gases, which are simpi^ 1 
mixed In the formation of the atmosphere. 

I sJtall say nothing more of oxygen ai 
at present, as we shall continually have occasioij 
refer to them in our future conversations, 
are both very abundant in nature ; nitrogen is a 
most plentiful in the atmosphere, and exists al 
all animal substances ; oxygen forms a constitu 
part, both of the animal and vegetable kingdom 
from which it may be obtained by a variety of cj 
mical means. But it is now time to conclude (| 
lesson. I am afraid you have learnt more lo- 
than you will be able to remember. 

CAROLINE. 

I assure you that I have been txio much In- 
terested in it ever to forget it. In regard to 
nitrogen there seems to be but little to remember: 
it makes a very insignificant figure in comparison 
to oxygen, although It composes a much larger 
portion of the atmosphere. 



Perhaps this insignificance you complain of 

arise from the compound nature of nitrogen; for 

though I have hitherto considered it as a simple 

body, because it is not known in any natural pro- 
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cess to be decomposed, yet, from some experiments 
of Sir H. Davy, there appears to be reason for 
suspecting that nitrogen is a compound body, as 
we shall see afterwards. But even in its simple 
state, it will not appear so insignificant when you 
are better acquainted with it ; for though it seems 
to perform but a passive part in the atmosphere, 
and has no very striking properties, when con- 
sidered in its separate state, yet you will find 
liereafler, that it becomes a very important agent, 
when combined with other bodies. It is placed, 
you see, in the 2d division of the Sd class, at the 
head of the bodies forming acids, by their com- 
bination with oxygen; we have, therefore, been 
irregular in anticipating its introduction, but we 
shall return to it under the head of acids. 




Mns. B, 

No ; for chlorine, io the state of gas, has a 
tinct greenish colour, and is therefore visible ; and 
iodine, in the same state, has a beautiful claret-red 
colour. These bodies, I have already informed 
you, arc, like oxygen, capable of effecting com- 
bustion ; or, in other words, of burning bodies thai 
are combustible ; but the explanation of their 
properties implies various considerations, which 
you would not yet be able to understand ; we shall, 
therefore, defer their examination to some future 
conversation, and we shall pass on to the 3d class. 

Hydrogen, the only body comprehended in 
this class, cannot, any more than oxygen, be ob« 
tained in a visible or palpable form. We are 
acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 
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CAROLINE. 

But in its gaseous state it cannot be called a 
Linple substance, since it is combined with beat ? 

MRS. B. 

True, my dear : but as we do not know in na- 
are of any substance which is not more or less 
Dinbined with caloric, it is usually said that a 
ubstance is in its elementary state when united 
dth those agents only. 

Hydrogen was formerly called inflammable air^ 
s it is extremely combustible, and bums with a 
reat flame. Since the invention of the new no- 
lenclature, it has obtained the name of hydrogen, 
rhich is derived from two Greek words, the mean- 
ng of which isj to produce water. 

EMILY. 

-And how does hydrogen produce water? 

MRS. B. 

By its combustion. Water is composed of 89 
)arts, by weight, of oxygen, combined with 1 1 
>arts ofhydrogen ; or of two parts, by bulk, of 
lydrogen gas, to one part of oxygen gas. 

CAROLINE. 

Really ! Is it possible that water should be a 
combination of two gases, and that one of these 
should be inflammable air? Hydrogen must be a 
most extraordinary gas to produce both fire and 
water t 
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EMILY. 
But I thought you said that combustion couM 
take place In no gas but oxygen ? 



Do you recollect what the process of combusdon 
consists in ? I 

EMILY. I 

In the combination of a body with oxygen, wii I 
disengagement of light and heat. I 

MRS. B. 

Therefore, when I say that hydrogen is c 
bustible, I mean that it has an affinity fur oxygen; J 
but, like all other combustible substances, it cw- 1 
not bum unless supplied with oxygen, and also J 
heated to a proper temperature. 

CAROLINE. 

The simply mixing 1 1 parts of hydrogen 4 
89 parts of oxygen gas will not, therefore, | 
duce water ? 

MRS, B. 

No ; water being a much denser fluid than gases, 
in order to reduce these gases to a liquid, it 
necessary to diminish the quantity of caloric or 
electricity which maintains them in an elsslit 
form. 

EMILY. 

That, I should think, might be done by com- 
bining the oxygen and hydrogen together; for in 
combining they would give out their caloric, and 
by this means would be condensed. 



CAHOLINE. 

'But you forget, Eoiily, that in order to make 
the oxygen and hydrogen combine, you must begin 
7 elevating their temperature, which increases, 
d of diminishing, their caloric. 



Emily is, however, right; for though it is neces- 
sary to raise their temperature, in order to make 
them combine, that combination affording them 
the means of parting with their caloric is event- 
ually the cause of its diminution. 

(CAROLINE. 
You love to deal in paradoxes to-day, Mrs. B. 
Fire, then, produces water ? 
MRS. B. 
The combustion of hydrogen gas cerlainly does: 
t you do not seem to have remembered the 
theory of combustion so well as you thought you 
would. Can you tell me what happens in the com- 
bustion of hydrogen gas ? 

L CAROLINE. 

W The hydrogen combines with the oxygen, and 
caloric is disengaged, — Yes, I think I understand 
it now — by the loss of this caloric, the gases 
are condensed into a liquid. 

EMtLY. 

Vater, then, I suppose, when it evaporates and 
Mrates with the atmosphere, is decomposed 
Ifecl converted into hydrogen and oxygen gases ? 
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action of the Voltaic battery, which this will giti* 
me an opportunity of exhibiting. 

CAROLINE. 

I am very glad of that; for I longed to see ibe 
power of this apparatus in decomposing bodies. 

MRS. B. 

For this purpose I fill this piece of glass tube 
(Plate XL fig. 1.) with water, and cork it up at ' 
both ends : through one of the corks I introduce , 
that wire of the battery which conveys the positive 
electricity ; and the wire which conveys the nega- 
tive electricity is made to pass through the other 
cork, so that the two wires approach each other 
sufficiently near to give out their respective elec- 
tricities. 

CAROLINE. 

It does not appear to me that you approach the 
wires so near as you did when you made the bat- 
tery act by itself. 

MRS. B. I 

Water being a better conductor of electrictljf 
than air, the two wires will act on each Other 
at a greater distance in the former than in de 
latter case. 

EMILY. 

Now the electrical effect appears : I see snull 
bubbles of air emitted fironi each wire. 

MRS. B. 

Each wire decomposes the water, the posiuve 
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by attracting its oxygen, the negative by attracting 
its hydrogen, 

CAROLINE. 

That is wonderfully curious ! But what are 
the small bubbles of air ? 

MRS. B. 

The two component parts of water, which, being 
separated from each other, and set at liber^, ap- 
pear in the form of small bubbles of gas or air; 
the oxygen at the positive wire, and the hydrogen 
at the negative wire. 

I should not forget to observe that the wires 
used in this experiment are made of platina, a 
metal which is not capable of combining with 
oxygen; for otherwise the wire would combine 
with the oxygen, and the hydrogen alone would 
be disengaged. 

CAROLINE. 

But could not water be decomposed without the 
electric circle being completed ? If^ for instance, 
you immersed only the positive wire in the water, 
would it not combine with the oxygen, and the 
hydrogen gas be given out? 

MRS.B. 

No ; for, as you may recollect, the battery can- 
not act unless the circle be completed. 

CAROLINE. 

I understand it now. — But look, Mrs. B., the 
decomposition of the water, which has been going 

L 3 



on for some time, does not sensibly diminisbfl 
quantity — what is the reason of that? 

MRS. B. 

Because the quantity decomposed is so extr 
small. If you compare the density of water wilh 1 
tliat of the gases into which it is resolved, you mu$t I 
be aware that a single drop of water is sufficiei 
produce thousands of such small bubbles a 
you now perceive. 

CAROLINE. 

But in this experiment we obtain the osygoi \ 
and hydrogen gases mixed together. Is thei'e any . 
means of procuring the two gases separately? 

MBS, B, 

They can be collected separately with great t 
by modiiying a little the experiment. Tlii 
instead of one tube we employ two, as yoi 
here, (c, d, Plate XI. fig. 2.) both tubes 
closed at one end, and open at the other ; i 
after filling these tubes with water, we place theDi 
in a glass of water (e), with their opai end down- 
wards, you will see that the moment we connect 
the wires (a, b,} which proceed upwards from the 
interior of each tube, the one with one end of the 
battery, and the other with the other end, the water 
in the tubes will be decomposed ; oxygen will be 
given out round the wire in the tube connected 
with the positive end of the battery, and hydnK 
gen in the other ; and these gases will be evolvid 
exactly in the proportions which I have 
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^mentioned, namely, two measures of hydrogen for 
I nne of oxygen. We shall now begin the ex- 
Iperiment, but it will be some time before any 
leensible quantity of the gajies can be collected. 



EMILT. 

The decomposition of water in this way, slow 
it is, is certainly very wonderful; but I confess 
lat I should be still more gratified, if you could 
show it us on a larger scale, and by a quicker pro- 
cess. I am sorry that the decomposition of water 
hy charcoal or metals is attended with sg much 
~ iconvenience. 



Water may be decomposed by means of metals 
iwitbout any difficulty; but for this purpose the 
intervention of an acid is required. Thus, if we add 
Aome sulphuric acid (a substance with the nature 
'^ of which you are not yet acquainted) to the water 
which the metal is to decompose, the acid enables 
Ae metal to combine with the oxygen of the water 
so readily and abundantly, that no heat is required 
to hasten the process. Of this I am going to show 
you an instance. I put into this bottle the water 
that is to be decomposed, the metal which is to 
eHect that decomposition by combining with the 
oxygen, and the acid which is to facilitate the 
combination of the metal and the oxygen. You 
will see with what violence these will act on each 
other. 



But what metal is it that you employ for this 
purpose? 

MRS. B. 

It is iron ; and it is used in the state of filings, 
as these present a greater surface to the acid than 
a solid piece of metal. For as it is the surface of 
the metal which is acted upon by the acid, and 
is disposed to receive the oxygen produced by the 
decomposition of the water, it necessarily follows 
that the greater is the surface, the more consi- 
derable is the effect. The bubbles which are now 
rising are hydrogen gas 

CAROLINE. 

How disagreeably it smells ! 

MRS. B. 

It is indeed unpleasant, though, I belieTe* 
not particularly hurtfiil. We shall not, however, 
suffer any more to escape, as it will be wanted 
for experiments. I shall, therefore, collect it in a 
glass receiver, by making it pass through this bent 
tube, which will conduct it into the water-bath. 
{Plate XL fig. 3.) 

EMILY. 

How very rapidly the gas escapes ! it is perl 
transparent, and without any colour whatever j 
Now the receiver is full 

MRS, B. 

We shall, therefore, remove it, and substil^ 
another in its place. But you must observe, ll 
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when the receiver is full, it is necessary to keep it 
inverted with the mouth under water, otherwise 
the gas would escape. And in order that it may 
not be in the way, I introduce within the bsth, 
pnder the water, a saucer, into which I slide the 
^receiver, so that it can be taken out of the bnlh 
conveyed any wliere : the water in the saucer 
being equally effectual in preventing its escape as 
"lat in the bath. (Plate XL fig. i.) 

EMILY. 

1 am quite surprised to see so large a quantity 
of hydrogen gas produced by so small a quan- 
tity of water, especially as oxygen is the principal 

instituent of water. 

MBS, B. 

In weight it is ; but not in volume. For though 
the proportion, by weight, is nearly eight parts 
of oxygen to one of hydrogen, yet the proportion 
pf tlie volume of the gases is about one part of 
oxygen to two of hydrogen ; so much heavier is 
the former than the latter. 

CAROLINE. 

But why is the vessel m which the water is 
decomposed so hot ? As the water changes from a 
liquid to a gaseous form, cold should be produced 
instead of heat. 



No ; for if one of the constituents of water is 
[ converted into a gas, the other becomes solid 



in combining with the metal. 
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EMILY. 

In this case, then, neither heat nor cold shoulfl 
be produced. 

MRS. B. 

Very true; and the heat which is generated in 
this operation is not owing to the decompositioi] 
of the water, but to an extrication of caloric pro- 
duced by the mixture of water and sulphuric acid, 
I will mix some water and sulphuric acid together 
in this glass, that you may be sensible of the sur- 
prising quantity of heat which is disengaged by 
tlieir union — now take hold of the glass 

CAROLINE. I 

Indeed I cannot ; it feels as hot as boiling water. 
I should have Imagined there would have been 
heat enough disengaged to have rendered the 
liquid solid. 

MRS. B. 

Since it does not produce that effect, we cannot 
refer this heat to the modification called latent heat 
We may, however, I think, consider it as heal of 
capacity, since the liquid is condensed by its loss ; 
and if you were to repeat the experiment, in a gra- 
duated tube, you would find that the two liquids, 
when mixed, occupy considerably less space than 
they did sepaiately. But we will reserve this to 
another opportunity, and attend at present to the 
hydrogen gas which we have been producing. 

If I now set the hydrogen gas, which is con- 
tained in this receiver, suddenly at liberty, and 
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kitidle it as soon as it comes in contact with the 
atmosphere, by presenting it to a candle, it will 
so suddenly and rapidly* decompose the oxygen 
gas, b y combining ,wttbj|s^asis, that an explosion, 
or a detonation (as chemists commonly caU it), will 
be produced. For this purpose, I need only take 
up the receiver, and quickly present its open mouth 
to the candle — so * 

CAROLINE. 

It produced only a sort of hissing noise, with a 
vivid flash of light I had expected a much greater 
report. 

MRS. B. 

And so it would have been, had the gases been 
closely confined at the moment they were made to 
explode. If, for instance, we were to put in this 
bottle a mixture of hydrogen gas and atmospheric 
air; and if, after corking the bottle, we should 
kindle the mixture by a very small orifice, from 
the sudden dilatation of the gases at the moment 
of their combination, the bottle must either fly to 
pieces, or the cork be blown out with considerable 
violence. 

CAROLINE. 

But in the experiment which we have just seen, 
if you did not kindle the hydrogen gas, would it 
not equally combine with the oxygen ? 

MRS. B. 

Certainly not ; for, as I have explained to you, 
it is necessary that the oxygen and hydrogen 

L 6 
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gases be burnt together, in order to comlune che- J 
mically and produce water. 

CAROLIKE. 

That is true; but 1 thought this was a diS 
conibiDation, for I see no water produced. 

MRS. B. 

The water resulting from tliis detonation wi 
small in quantity, and in such a state of 
division, as to be invisible. But water ci 
was produced ; for oxygen is incapable of cod 
ing with hydrogen in any other proportions 
those which form water ; therefore water 
always be the result of their combination. 

If, instead of bringing the hydrogen gas 
sudden contact with the atmosphere (as we 
just now), so as to make the whole of it 
the moment it is kindled, we allow but a very si 
surface of gas to burn in contact with the al 
sphere, the combustion goes on quietly and gradu- 
ally at the point of contact, without any detonation, 
because the surfaces brought together are too small 
for the immediate union of the gases. The expe- 
riment is a very easy one. This phial, with a 
narrow neck, (Plate XI. fig. 5.) is full of hydrogen 
gas, and is carefully corked. If I take out the 
cork widiout moving the phial, and quickly place 
tlie candle at the orifice, you will see how diffe 
the result will be 




;ow prettily it burns, with a blue ilame ' 
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Kflame is gradually sinking within the phial — now 
; has entirely disappeared. But does not this 
ximbustion likewise produce water ? 



Undoubtedly. In order to make the formation 
pf the water sensible to you, I shall procure a fresh 
iupply of hydrogen gas, by putting into this bottle 
~?late XI. fig. 6.) iron filings, water, and sul- 
phuric acid, — materials similar to those which we 
^ave just used for the same purpose. I shall then 
k up the bottle, leaving only a small orifice in 
cork, with a piece of glass tube fixed to it, 
3Ugh which the gas will issue in a continued 
nrapid stream. 



I bear already the hissing of the gas through 
■the tube, and I can feel a strong current against 
I my hand. 

MRS. B. 

This current I am going to kindle with the 
candle : — see how vividly it burns ! 

EMILY. 

It burns like a candle with a great fiame. But 
why does this combustion last so much longer than 
in the former experiment? 

MRS. B. 

The combustion goes on uninterruptedly, as 
I long as the new gas continues to be produced. 
I Now, if I invert this receiver over the flume, you 
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will soon perceive its internal surface covered mth 
a very fine dew, which is pure water. 

CAROLINE. 

Yes, indeed ; the glass is now quite dim with 
moisture 1 How glad I am that we can see tbe 
water produced by this combustion. 

EMILY. 

It is exactly what I was anxious to se^; for I 
confess I was a little incredulous. 

MRS. B. 

If I bad not held the glass bell over the 6sin^ 
the water would haveescapedin the state of vapour, 
as it did in the former experiment. We have 
here obtained but a very small quantity of water; 
but the difficulty of procuring a proper apparatos, 
with sufficient quantities of gases, prevents my 
showing it you on a larger scale. 

The composition of water was discovered about 
the same period, both by Mr. Cavendish, in this 
country, and by the celebrated French chetnisl, 
Lavoisier. The latter invented a veiy perfect and 
ingenious apparatus to perform, with great accu- 
racy, and upon a laige scale, the formation of 
water by the combination of oxygen and hydrogen 
gases. Two tubes, conveying due proportions, 
the one of oxygen, the other of hydrogen gas, are 
inserted at opposite sides of a large globe of glass, 
previously exhausted of air; tbe two streams of 
gas are kindled witliin tbe globe, by the electrical 
spark, at the point where they come in contact; 
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they burn together, that is to say, the hydrogen 
combines with the oxygen, the caloric is set at 
liberty, and a quantity of water is produced exactly 
equal, in weight, to that of the two gases introduced 
into the globe. 

CAROLINE. 

And what was the greatest quantity of water 
ever formed in this apparatus ? 

Mrs. b. 
Several ounces ; indeed^ very nearly a pounds 
if I recollect right; but the operation lasted many 
days. 

EMIX.Y. 

This experiment must have convinced all the 
world of the truth of the discovery. Pray, if im- 
proper proportions of the gases were mixed and 
set fire to, what would be the result ? 

MRS. B. 

Water would equally be formed, but there would 
be a residue of either one or other of the gases, 
because, as I have already told you, hydrogen and 
oxygen will combine only in the proportions re- 
quisite for the formation of water. 

EMILY. 

Look, Mrs. B., our experiment with the Voltaic 
battery (Plate XI. fig. 2.) has made great pro- 
gress ; a quantity of gas has been formed in each 
tube ; but in one of them there is twice as much as 
in the othen 
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MRS. B. 

Yes; because, as I said before, water is i 
posed of two volumes of hydrogen to one of 
oxygen — and if we should now mix these gases 
together and set fire to them by an electrical spark, 
both gases would entirely disappear, and a small 
quantity of water would be formed. 

There is another curious effect produced by the 
combustion of hydrogen gas, which I shall show 
you, though I must acquaint you first, that I can- 
not well explain the cause of it. For this purpose 
I must put some materials into our apparatus, in 
order to obtain a stream of hydrogen gas, just as 
we have done before. The process is already going 
on, and the gas is rushing through the tube — I 
shall now kindle it with the taper. 



EMILY, 

It burns exactly as it did before What 

the curious effect to which you were referring?. 



MRS. B. 

Instead of the receiver, by means of which wS 
have just seen the drops of water form, we shall 
invert over the flame this piece of tube, which b 
about two feet in length, and one inch in dianu 
{Plate XL fig. 7.) : you must observe that 
• open at both ends. 

EMILY. 

What a strange noise it produces 1 somet 
like the .^^lian harp, but not so sweet. 
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CAROLINE. 

It is very singular, indeed ; but I think rather 
too powerful to be pleasing. And is not this sounil 
accounted for ? 

MRS. B. 

That the percussion of glass, by a rapid stream 
of gas, should produce a sound, is not extraordi- 
nary : but the sound here is so peculiar, that no 
other gas has a similar effect. Perhaps it is owing to 
a brisk vibratory motion of the glass, occasioned by 
the successive formation and condensation of small 
drops of water on the sides of the glass tube, and the 
fur rushing in to replace the vacuum formed.* 



How very much this flame resembles the burn- 
ing of a candle ! 

MRS. B. 

The burning of a candle is produced by much 
■tfie same means. A great deal of hydrogen is 
contained in candles, whether of tallow or wax. 
-This hydrogen, being converted into gas by the 
heat of the burning wick, combines with the 
oxygen of the atmosphere, and 0ame and water 
result from the combination. So that, in fact, the 
flame of a candle is owing to the combustion of 
, hydrogen gas. An elevation of temperature, such 

is produced by a lighted match or taper, is re- 
quired to give the first impulse to the combus- 
tion ; but afterwards it goes on of itself, because 
B sufficient supply of caloric is given out by the 
■ * This iageniom explanation was first Buggested by Dr. De la 
Bive. — Bee Journal) of the Royal Institution, Vol. I. p. S59. 
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gases during their combustion. But there are 
other circumstances connected with the com- 
bustion of candles and tamps, which I caunot 
explain to you till you are acquainted with carbon^ 
which is one of their constituent parts. In ge- 
nera), however, whenever you see flame, you may 
infer that it is owing to the formation and burning 
of hydrogen gas*; for flame is the peculiar mode 
of burning of hydrogen gas, which, with only one 
or two apparent exceptions, does not belong to any 
other combustible. 

KMILY. 

You astonish me ! I understood that Bame was 
the caloric disengaged in all combustions whatever. 

MRS. B. 

Your error proceeded from your vague and in- 
correct idea of flame ; you have confounded it with 
light and caloric in general. Flame always implies 
caloric, since it is produced by the combustion of 
hydrogen gas ; but all caloric does not imply flame. 
Many bodies bum with intense heat without pro- 
ducing flame. Coals, for instance, burn with flame 
until all the hydrogen which ihey contain is eva- 
porated; but when they afterwards become red-hot, 
much more caloric is disengaged than when 
merely produce flame. 

CAROLINE. 

But the iron wire, which you burnt in oxygeA 
gas, appeared to me to emit flame ; yet, as it was 
a simple metal, it could contain no hydrogen ? 

'* Or rather h/dro-carbonaU, a gaa composed of hydrogen 
and carbon, which will be noticed under the head CABioy. 
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It produced a sparkling dazzling blaze of light, 
but no real flame. 

EMILY. 

And what is the cause of the regular shape of the 
flame of a candle ? 

The regular stream of hydrogen gas which ex- 
hales from its combustible matter. 

CAROLINE. 

But the hydrogen gas must, from its great levity, 
ascend into the upper regions of the atmosphere : 
why, therefore, does not the flame continue to ac- 
company it? 

MRS. B. 

The hydrogen gas would ascend into those re- 
gions, if it were not arrested in its course by the 
combustion. This process is completed at the 
point where the flame terminates : it then ceases 
to be hydrogen gas, as it is converted, by its com- 
bination with oxygen, into watery vapour; but 
in a state of such minute division as to be invisible* 

CAROLINE. 

I do not understand what is the use of the wick 
of a candle, since the hydrogen gas bums so well 
without it. 

MRS. B. 

The combustible matter of the candle must be 
decomposed in order to emit the hydrogen gas ; 
and the wick is instrumental in eiEaeting this de- 



composition. Its combustion first melts the com- 
bustible matter, and 

CAROLINE. 

But, in lamps, the combustible matter is already 
fluid, and yet they also require wicks ? 

MRS. B. 

I am going to add, ihat, afterwards, the burning 
wick (by the power of capillary attraction) gra- 
dually draws up the fluid to the point where com- 
bustion takes place ; for you must nave observed 
that the wick does not born ijuite to the bottom. 

CAROLINE. 

Yes ; but I do not understand why it does not. 



Because the air has not so free an access 
part of the wick which is immediately in c 
with the candle, as to the part Just above, so tl 
the heat there is not sufficient to produce its de- 
composition ; the combustion, therefore, begins a 
little above this point. 
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But, Mrs. B., in those beautiful lights, caUi 
gas-lights, which now illuminate our streets, and 
wfll, I hope, be soon adopted every where, there 
is no wick at all. How are these lights manai 

MRS.B. 

I am glad you have put me in mind of s_ 
(qv words on this very useful and interesting | 



HYDROGEN. 23T 

provement In this mode of lighting, the gas 
itself is kindled, and burns just as we have seen it 
when issuing from the bottle (fig. ?•) : it is conveyed 
from a reservoir through a tube, at the extremity 
of which it is lighted, and bums as long as the 
supply continues. There is, therefore, no oc- 
casion for a wick, or an ^other fii gl whatever. 

EMILY. 

But how is this gas procured in such large 
quantities ? 

MRS. B. 

It is obtained from coal, by distillation, and 
sometimes from oil. Coal, when exposed to heat 
in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in the state 
of gas, combined with another of its component 
*parts, carbon, forming a compound gas, called 
AjjA^i^^ri^fc^/^, the nature of which we shall again 
have an opportunity of noticing when we treat of 
carbon. This gas, like hydrogen, is perfectly 
transparent, invisible, and highly inflammable ; 
and, in burning, it emits that vivid light which 
you have so often observed. 

CAROLINE. 

And does the process for procuring it require 
nothing but heating the coals, and conveying the 
gas through tubes ? 

MRS. B. 

Nothing more ; except that the gas must be made 
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to pass, immediately at its formation, through two 
or three large vessels of water, in which it deposits 
water, tar, and oil, and some other ingredients, 
which also arise from the distillation of coals. 
The gas-hght apparatus, therefore, consists simply 
in a large iron vessel, in which the coals are ex- 
posed to the heat of a furnace, — some reservoirs 
of water, in which the gas deposits its impurities, — 
and tubes that convey it to the desired spot, being 
propelled with uniform velocity through the lubes 
by means of a certain degree of pressure which is 
made upon the reservoir. 

EMILY. 

Then, besides the advantage of the gas, tar and 
oil are obtained from the coal, and these are vei 
valuable products. 



very 

I 



True; but the most important is the resi 
of the coal itself, which, after having given 
the gas, with a certain portion of tar and oil 
transformed into a body called coke, which coo^ 
sists of carbon, with some earthy and saline 
ingredients, and burns without flame or smoke. 
I have heard that coke is much used in mi 
factories, and is for many purposes preferred 
coal. 

EMILY. 

What an admirable contrivance ! Do you i 
tliink, Mrs. B., that it will soon be univen 
adopted ? 
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Most probably : for the purpose of lighting 
treets, offices, and public places, it far surpasses 
iny former invention ; but in regard to the interior 
»f private houses, this mode of lighting has not 
yet been sufficiently tried to know whether it will 
be found generally desirable, either with respect 
economy or convenience. It may, how- 
ever, be considered as one of the happiest ap- 
plications of chemistry to the comforts of life; 
and there is every reason to suppose that 
it will answer the full extent of public ex- 
pectation. 

■I have another experiment to show you with 
hydrogen gas, which, I think, will entertain you. 
Have you ever blown bubbles with soap and 
water? 

EMILV. 

Yes, often, when I was a child ; and I used to 
make them float in the air by blowing them up- 
wards. 

MRS, B. 

We shall fill some such bubbles with hydrogen 
gas, instead of almospheric air, and you will see 
with what ease rfiid rapidity they will ascend, with- 
out the assistance of blowing, from the lightness of 
the gas. — Will you mix some soap and water, 
whilst I fill this bladder with the gas contained in 
the receiver which stands on the shelf in the water- 
bath? (Plate XII. fig. I.) 
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CAROLINE. 
What is the use of the brass stopper and 
cock at the top of the receiver ? 

MBS. B, 

It is to afford a passage to the gas, i 
required. There is, you see, a similar stopco 
fastened to this bladder, which is made to fi 
on the receiver. 1 screw them one on the oth( 
and now turn the two cocks, to open a coonn 
nication between the receiver and the bladda 
then, by sliding tlie receiver off the shelf, ; 
gently sinking it into the bath, the water rises 
the receiver, and forces the gas into the bladder, 

CAROLINE. 

Yes, I see the bladder swell as the water i 
in the receiver. 



I think that we have alr^idy a sufficient quanl 
in the bladder for our purpose ; we must be 
to stop both the cocks before we separate I 
bladder from the receiver, lest the gas shoi 
escape. — Now I must fix a pipe to the stopper 
the bladder, and by dipping its mouth into 
soap and water, take up a few drops; then I 
turn the cock, and squeeze the bladder, in ort 
to force the gas into the soap and water at t 
mouth of the pipe. {Plate XII. fig. 2.) 

EMILV. 

There is a bubble : but it bursts before it leai 
e mouth of the pipe. 
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We must have patience, and try again : it is not 
so easy to blow bubbles by means of a bladder, as 
simply with the breath. 

CAROLINE. 

Perhaps there is not soap enough in the water. 
I should have had warm water ; it would have 
dissolved the soap better. 

EMILY. 

Does not some of the gas escape between the 
bladder and the pipe ? 

MRS. B. 

No, they, are perfectly air-tight ; we shall suc- 
ceed presently, I dare say. 

CAROLINE. 

Now a bubble ascends ; it moves with the ra^ 
pidity of a balloon. How beautifully it refracta 
the light ! 

EMILY. 

It has burst against the ceiling. You succeed 
now wonderfully ; but why do they all ascend and 
burst against the ceiling ? 

MRS. B. 

Hydrogen gas is so much lighter than atmo- 
spherical air, that it ascends rapidly with its very 
light envelope, which is burst by the force with 
which it strikes the ceiling. 

Air-balloons are filled with this gas, and if they 
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catried no other wcjgbt than tiieir covering, wod^ 
ascend as rapidly as these bubbles. 

CAROLIiiE. 

Yet tbeir covmng must be much heavier thaa I 
tkat of these bubbles? 

MRS. B. 

No* in proportton to the quantity of gas ihej 
I do Dot know whether you have ever 
D present at the 6Uing of a large balloon. Tbe 
s fat thai purpose is very simple. It con- 
sists of a number of vessels, either jars or barrelsr 
IB whkh the materials for the formation of the gas 
ai« nuxed, each of these being furnished with a 
ti^Wf and «Mnmutucatmg with a long dexibte pipe, 
wtiidi coaveys the gas into tbe balloon. 

EMllY. 

The fire-balloons which were first invented, 
and have been since abandoned, on account of 
their being so dangerous, were constructed, I sup- 
pose, OD a diiTerent principle ? 

MRS. B. 

They were filled simply with atmospheric^ air, 

considerably rarefied by heat; and the necessity 

of having a fire underneath the balloon, in order 

to preserve the rarefaction of the air within it, wa& 

the drcumstance productive of so much danger. 

If you are not yet tired of experiments, I haw 

r to show you. It consists in filling soap- 

bles with a mixture of hydrogen and oxygeo 





gases, in the proportions which form water; and 
afterwards setting fire to them. 

EMILY. 

They will detonate, I suppose ? 

MKB. B, 

Yes, they will. As you have seen the method 
of transferring the gas from the receiver into the 
bladder, it is not necessary to repeat it. I have 
therefore provided a bladder wiiich contains a due 
proportion of oxygen and hydrogen gases, and we 
have only to biow bubbles with it. 

CAROLINE. 

Here is a fine large bubble rising : — shall I set 
fire to it with a candle ? 



If you please. 

CAROLINE. 

What an explosion ! — It was like the report of 
a gun : I confess it frightened me much. I never 
should have imagined it could he so loud. 

And the fiash was as vivid as lightning. 

MRS. B. 

The combination of the two gases takes place 
during that instant of time in which you see the 
flash, and hear the detonation. 

EMILY. 

This has a strong resemblance to thunder and 
lightning. 
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MRS. B. 

Thunder and lightning, however, are generally 
of an electrical nature. Yet various meteorological 
effects oiay be attributed to accidental detonatioas 
of hydrogen gas in the atmosphereV for nature 
abounds with hydrogen : it constitutes a very con- 
siderable portion of the whole mass of water be- 
longing to our globe, and from that source almost 
every other body obtains it. It enters into the com- 
position of all animal substances, and of a great 
number of minerals ,- but it is most abundant in 
vegetables. From this immense variety of bodies, 
it is often spontaneously disengaged; its great 
levity makes it rise into the superior regions of 
the atmosphere > and when, either by an electrical 
spark, or any casual elevation of temperature, it 
takes fire, it may produce such meteors or lumi- 
nous appearances as are occasionally seen in the 
atmosphere. Of this kind are probably those broad 
flashes which we often see on a summer-evening 
without hearing any detonation. 



Every flash, I suppose, must produce a quai 
of water ? 

CAROLINE. 

And this water naturally descends in the ( 
of rain. 

MRS. B. 

That probably is often the case, though 1 
not a. necessary consequence; for the water ] 
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be dissolved by the atmosphere, as it desceads 
towards the lower regions, and remain there in the 
form of clouds. 

The application of electrical attraction to che- 
jnical phenomena is likely to lead to many very 
interesting discoveries in meteorology ; for elec- 
tricity evidently acts a most important part in the 
atmosphere. This subject, however, is, as yet, 
not sufficiently developed for me to venture en- 
larging upon it. The phenomena of the atmo- 
sphere are far from being well understood; andevea 
with the little that is known, I am but imperfectly 
acquainted. 

But before we take leave of hydrogen, I must 
not omit to mention to you a most interesting dis- 
icovery of Sir H. Davy, which is connected with 
this subject. 

CAROLINE. 

You allude, I suppose, to the miner's lamp, 
^-which has been so much talked of? I have long 
been desirous of knowing what that discovery was, 
and what purpose it was intended to answer. 

MRS. B. 

l- It often happens in coal-mines, that quantities 
of the gas called by chemists h/dro-carbonate,or by 
the miaers^re-damp {the same from which the gas- 

^yghts are obtained), ooze out from fissures in the 
beds of coal, and fill the cavities in which the men 
are at work ; and this gas beuig inflammable, the 
.consequence is, that when the men approach those 

fplaces with a lighted candle, the gas takes fire, 
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and explosions happen which destroy the men &nd 
brakes employed in that part of the colliery, some- 
tinies in great o umbers. 

EMILY. 

What tremendons accidents these must be! 
But whence does that gas originate ? 

MRS. B. 

Being the chief product of the combustion of 
coal, no wonder that inflammable gas should occa- 
sionaliy appear in situations in which this mineral 
abomids, since there can be no doubt that processes 
of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, iher 
fore, those accumulations of gas may arise eith 
trom combustions actually going on,or from fon 
combustions, the gas having perhaps been conf 
there for ages. 

CAROLINE. 

And how does Sir H. Davy's lamp prevent tbo8 
dreadfiil explosions? 

URS. B, 

By a contrivance equally simple and ingeniooSH 
and one which does no less credit to the phiU 
sophical views from which it was deduced, than to 
the philanthropic motives from which the enquiry 
sprung. The principle of the lamp is shortly 
this : It was ascertained a few years ago, 
by Mr. Tennant, and by Sir Humphry bimse 
that the combustion of inflammable gas could n 
be propagated through small tubes ; so that if a jc 



if an inSammable gaseous mixture, issuing from a 
)ladder or any other vessel, through a small tube, 
e set fire to, it bums at the orifice of the tube, 
)ut the flame never penetrates into the vessel. It 
!e upon this fact that Sir Humphry's safety-lamp 
S founded. 

EMILY, 

But why does not liie flame ever penetrate 
through the lube into the vessel from which the 

issues, so as to explode at once the whole of 
the gas? 

MRS. B. 

ecause, no doubt, the inflamed gas is so much 
eooled In its passage through a small tube as 
to cease to burn before the combustion reaches 
the r^ervoir. 

CA ROLIHE. 

And how can this principle be applied to the 
construction of a lamp ? 

MRS. B. 

Nothing easier. You need only suppose a lamp 
'enclosed all round in glass or horn, but having 
.« number of small open tubes at the bottom, and 
ethers at the top, to let the air in and out. Now, 
if such a lamp or lantern be carried into an atmo- 
sphere capable of exploding, an explosion or com- 
bustion of the ga,s will take place within the lamp ; 
and although the vent afforded by the tubes will 
6ave the lamp from bursting, yet, from the prin- 
ciple just explained, the combustion wilt not be 
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propagated to the external air through the tubet^ 
so Uiat no farther consequence will ensue. 

EMILY. 

And is that all the mystery of that valuable 
lamp? 



No ; in the early part of the enquiry a lamp of 
this kind was actually proposed ; but it was but s 
rude sketch compared to its present state of im- 
provement. Sir H. Davy, after a succession of 
trials, by which he brought his lamp nearer and 
nearer to perfection, at last conceived the happy 
idea that if the lamp were surrounded with a wire- 
work or wire gauze, of a close texture, instead of 
a glass or horn, the tubulai- contrivance I have just 
described would be entirely superseded, since each 
of the interstices of the gauze would act as a tube 
in preventing the propagation of explosion; so that 
this previous metallic covering would answer the 
various purposes of transparency, of permeability 
to air, and of protection against explosion. This 
idea, Sir Humphry immediately submitted to the 
test of experiment, and the result has answered his 
most sanguine expectations, both in his laboratoiy 
and in the collieries where it has already been ex- 
tensively tried. And he had the happiness of thiuk- 
ing that his invention was the means of saving 
every year a number of lives, which would have 
been lost in digging out of the bowels of the earth 
one of the most valuable necessaries of life. HeWj 
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is one of these lamps, every part of which you will 
at once comprehend. (See Plate XIII. fig. 1.) 

CAROLINE. 

How very simple and ingenious ! But I do not 
yet well see why an explosion taking place within 
the lamp should not communicate to the external 
Bur around it, through the interstices of the wire ? 

'.. . MRS. B. 

. This has been and is still a subject of wonder, 
OT^ to philosophers; and the only mode they 
have of explaining it is, that flame or ignition can- 
not pass through a fine wire-work, because the 
metallic wire cools the flame sufficiently to ex- 
tinguish it in passing through the gauze. This 
property of the wire-gauze is quite similar to that 
of the tubes which I mentioned on introducing 
the subject ; for you may consider each interstice 
of the gauze as an extremely short tube of a very 
small diameter. 

EMILY. 

But I should expect the wire would often be- 
come red-hot, by the burning of the gas within 
the lamp ? 

MRS. B. 

And this is actually the case, for the top of the 
lamp is very apt to become red-hot. But fortu- 
nately, such inflammable gaseous mixtures as are 
found in the mines cannot be exploded by red-hot 
wire, the intervention of actual flame being required 
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for tLat purpose; so that the wire does not set fin 
to the explosive gas around it. 

EMILY. 

I can understand that; but if the wire be red- 
hot, how can it cool the flarae within, and preveoi 
its passing through the gauze ? 

MRS. B. 

The gauze, tiiough red-hot, is not so hot as the 
flame by which it has been heated ; and as metallic 
wire is a good conductor, the heat does not macb 
accumulate in it, as it passes o£E* quickly to the 
other parts of the lamp, as well as to any contiguous 
bodies. 

CAItOLINE. 

This is indeed a most interesting discovery, and 
one which shows at once the immense utility wilfa 
which science may be practically applied to some 
of the most important purposes. 
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ON SULPHUR AND PHOSPHORUS. 



MRS. B. 

AVe shall now proceed to the second division of 
the third Class, comprehending the bodies forming 
acids by their combination with oxygen. Of these 
we have already noticed Nitrogen. 

EMILY. 

But you have said nothing of its properties as 
an acid. 

MRS. B. 

Because we considered it, as we shall do the 
other elementary bodies, first in their simple state. 
When we treat of compound bodies, we shall ex- 
amine them in their combination with oxygen, 
and describe their properties as acids. 

Sulphur is the next substance that comes under 
our consideration. It differs in one essential point 
from the preceding, as it exists in a solid form at 
the temperature of the atmosphere. 

CAROLINE. 

I am glad that we have at last a solid body to 
examine ; one that we can see and touch. Sulphur 

M 6 



!r^ 



95S SOLPHDR. 

must be an inflaiiitiiable body, for the poinU 
matches are covered with it, to make them c 
kindle? 

MRS. B. 

Yes, it is. It is seldom discovered in nature in 
a pure unmixed state ; so great is its affinity for 
other substances, tliat it is almost constantly found 
combined with some of them. It is most commonly 
united with metals, under various forms, and is 
separated from them by a very simple process. It 
exists, likewise, in many mineral waters, and 
vegetables yield it in various proportions, 
pecially those of the cruciform tribe. It is aJso 
found in animal matter ; in short, it may be dis- 
covered in greater or less quantity in the mineral, 
, and animal kingdoms. 



EMILY. 

I have heard o^ _floiDers (if sulphur; are they tl 
produce of any plant? 

MRS. B. 

By no means: they consist of nothing : 
than common sulphur, reduced to a very i 
powder, by a process called sublimation. 
some of it In this phial; it is exactly the J 
substance as this lump of sulphur, only its c 
is a paler yellow, owing to its stale of very i 
division. 

f EMILY, 

Pray what is sublimation ? 
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MItS. B. 

It is the evapQra.tioni or, more properly speak- 
ing, the volatilisation of solid substances, which, 
in cooling, condense again in a concrete form. 
The process, in this instance, must be performed 
in a closed vessel, both to prevent combustion, 
which would take place if the access of air were 
not carefully precluded, and likewise, in order to 
collect the substance after the operation. As it is 
rather a slow process, we shall not try the experi- 
ment now ; but you will understand it perfectly if 
I show you the apparatus used for the purpose. 
(Plate XIV. fig, 1.) Some lumps of sulphur are 
^^ lut into a receiver of this kind, which is called a 
cucurbit. Its shape, you see, somewhat resembles 
that of a pear, and it is open at the top, so as to 
sdapt itself exactly to a kind of conical receiver of 
ihis sort, called the head. Tlie cucurbit, thus co- 
hered with its head, is placed over a sand bath : 
^is is nothing moi-e than a vessel full of sand, 
which is kept heated by a furnace, such as you see 
here, so as to preserve the apparatus in a moderate 
and uniform temperature. The sulphur then soon 
begins to melt, and immediately after this a thick 
white smoke rises, which is gradually deposited 
within the head or upper part of the apparatus, 
where it condenses against the sides, somewhat in 
,the form of a vegetation, whence it has obtained 
die name of flowers of sulphur. This apparatus, 
which is called an alembic, is highly useful in all 
kinds of distillations, as you will find when we 
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come to treat of those operations. Alembics I 
not coininonly made of glass, like this, whit^ 
applicable only to distiUatioos upon a very s 
scale. Those used in manufactories are us 
made of copper, and are considerably larger. 
general construction, however, is always the same, 
although their shape admits of some varialioii. 

CAROLINE. 

What is the use of that neck, or tube, which 
bends down from the upper piece of the appa- 
ratus? 

MRS. B. 

It is of use only in distillations, the object of 
which is to evaporate, by heat, in closed vessels, 
the volatile parts of a compound body, and to con- 
dense them again into a liquid. This tube carries 
off the condensed fluid, which otherwise would 
fall back into tlie cucurbit. But this Is rather 
foreign to our present subject. Let us return to 
the sulphur. You now perfectly understand, I 
suppose, what is meant by sublimation ? 

EMILY. 

I believe I do. Sublimation appears to consist 
in destroying, by means of heat, the attraction of 
aggregation of the particles of a solid body, which 
are thus volatihsed ; and as soon as they lose the 
caloric which produced that effect, they are de- 
posited in the form of a fine powder. 

CAROLINE. 

It seems to me to be somewhat sunilar totha 
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traniifomiation of water into vapour, which returns 
to its liquid state when deprived of caloric 

EMILY. 

There is this difference, however, that the sul- 
phur does not return to its former state, since, in- 
stead of lumps, it changes to a fine powder. 

MRS. B. 

Chemically speaking, it is exactly the same sub- 
stance, whether in the form of lump or powder. 
For if this powder be melted again by heat, it 
will, in cooling, be restored to the same solid state 
in which it was before its sublimation. 

CAROLINE. 

But if there be no real change produced by the 
sublimation of the sulphur, what is the use of that 
operation ? 

MRS. B. 

It divides the sulphur into very minute parts, 
and thus disposes it to enter more readily into 
combination with other bodies. It is used also as 
a means of purification. 

CAROLINE. 

Sublimation appears to me, like the beginning 
of combustion, for the completion of which one 
circumstance only is wanting, the absorption of 
oxygen. 

MRS. B. 

But that circumstance is every thing. No es- 
sential alteration is produced in sulphur by subli- 
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mation ; whilst id combustion it combines with in 
oxygeD, and forms a new compound totally di& 
ferent in every respect from sulphur in its pure 
state. — We shall now bum some sulphur, and yoo 
will see how very different the result will be. Fof 
this purpose I put a small quantity of flowers of 
sulphur into this cup, and place it in a dish, into 
which I have poured a little water : I now set fire 
to the sulphur with the point of this hot wire; for 
its combustion will not begin unless its temperature 
be considerably raised. — You see that it bums 
with a faint bluish flame : and as I invert over il 
this receiver, white fumes arise from the sulphur, 
and fill the vessel. — You will soon perceive that 
the water is rising within the receiver, a liltie 
above its level in the plate. — Well, Emily, can 
you account for this ? 

EMILY. 

I suppose that the sulphur has absorbed die 
oxygen from the atmospherical air within the re- 
ceiver, and that we shall find some oxygenated 
sulphur in the cup. As for the white smokC) 1 
am quite at a loss to guess what it may be. 

MRS. B. 

Your first conjecture is very right ; but yon sre 
mistaken in the last ; for nothing wUI be left m the 
cup- The w hite vap our is the oxj'genated sul^^^ 
which assumes the form of an elastic fluid of ft 
pungent and offensive smell, and is a powerfiil 
acid. Here you see a chemical combination uf 
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oxygen and sulphur, producing a true gas, which 
would continue such, under the pressure and at the 
temperature of the atmosphere, if it did not unite 
with the water in the plate, to which it imparts its 
acid taste, and all its acid properties. — You see, 
now, with what curious effects the combustion of 
sulphur is attended. 

CAROLINE. 

This is something quite new; and I confess that 
I do not perfectly understand why the sulphur 
turns acid. 

MRS. B. 

It is because it unites with oxygen, which is the 
acidifying principle. And, indeed, the word oxy-' 
gen is derived from two Greek words signifying to 
produce an acid, 

CAROLINE. 

Why, then, is not water, which contains such 
a quantity of oxygen, acid ? 

MRS. B. 

Because hydrogen, which is the other consti- 
tuent of water, is not susceptible of acidification. 
It is for this reason that it forms a division of itself, 
and is not placed in that which comprehends 
bodies capable of being acidified. I believe it will 
be necessary, before we proceed further, to say a 
few words on the general nature of acids, though 
it is rather a deviation from our plan of examining 
the simple b odies separately, before we consider 
them in a state of combination. 



his observing that a small quantity of water was 
produced during the combustion of sulphur. 

Before we quit the subject of sulphur, I must teli 
you that it is susceptible of combining with a greal 
variety of substances, and especially with hydrogen) 
with which you are already acquainted. Hydrogen ^ 
gas can dissolve a small portion of it. 

EMILY. 

What ! can a gas dissolve a solid substance ? 

MRS. B. 

Yes; a solid substance may be so nuuutelji 
divided by lieat as to become soluble in gas ; and 
of this there are several instances. But you must 
observe, that, in the present case, a chemical union 
or combination of the sulphur with the hydrogen 
gas is produced. In order to effect this, the sut 
phur must be strongly heated in contact with iIk 
gas ; the heat reduces the sulphur to such a State 
of extreme division, and diSiises it so thorou^ilj 
through the gas, that they combine and incor- 
porate together. And as a proof that there mut 
be a chemical union between the sulphur and ^ 
gas, it is sufficient to remark that they are not 
separated when the sulphur loses the caloric by 
which it was volatilised. Besides, it is evideot, 
from the peculiar fetid smell of this gas, that it is 
a new compound totally different from either of its 
constituents ; it is called sulphuretted hydrogen^u, 
and is contained in great abundance in sulphurous 
mineral waters. 
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CAROLINE. 

Are not the Harrowgate waters of this nature ? 

MRS. B. 

Yes ; they are naturally impregnated with sul- 
phuretted hydrogen gas, and there are many other 
springs of the same kind, which shows that this 
gas must often be formed in the bowels of the ^arth 
by spontaneous processes of nature. 

CAROLINE. 

And could not such waters be made artificially 
byi impregnating common water with this gas ? 

MRS. B. 

Yes ; they can be so well imitated, as perfectly 
to resemble the Harrowgate waters. 

Sulphur combines likewise with phosphorus, 
and with the alkalies, and alkaline earths, sub- 
stances with which you are yet unacquainted. We 
cannot, therefore, enter into these combinations 
at present In our next lesson we shall treat of 
phosphorus. 

EMILY. 

May we not begin that subject to-day; this 
lesson has been so short ? 

MRS. B. 

I have no objection, if you are not tired. What 
do you say, Caroline ? 

CAROLINE. 

I am as desirous as Emily of prolonging the 
lesson to-day, especially as we are to enter on a 
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new subject ; for I confess that sulphi 
appeared to me so interesting as the other simple 
bodies. 

MRS. B. 

Perhaps you may find pliosphorus more enter- 
taining. You must not, however, be discouraged 
when jou meet with some parts of a study less 
amusing than others; it would answer no good 
purpose to select the most pleasing parts, since, if 
we did not proceed with some method, in 
to acquire a general idea of the whole, we 
scarcely expect to take interest in any partii 
subjects. 

FHOSPHORVS. 

Phosphorus is considered as a simple hi 
though, like sulphur, it has been suspected of i 
tuning hydrogen. It was not known by the eat 
chemists. It was first discovered by Brandt, 
mist of Hamburgh, whilst employed in 
after the philosopher's stone; but the methc 
obtaining it remained a secret till it was a 
time discovered both by Kunckel and Boyle, in 
the year 1680. You see a specimen of phosphonis 
in this phial ; it is generally moulded into 
sticks of a yellowish colour, as you find it h* 

CAROLINE. 

I do not understand in what the discovery con- 
sisted: there may be a secret mode of making 
aa artificial composition ; but how can you talk of 
making a substance which naturally exisU? 
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MRS* B* 

A body may exist in nature, so closely combined 
y^ith other substances, as to elude the observation 
of chemists, or render it extremely difficult to 
obtain it in its separate state. This is the case 
with phosphorus, which is always so intimately 
combined with other substances, that its existence 
remained unnoticed till Brandt discovered the 
means of obtaining it free from other combin- 
ations. It is found in all animal substances, and 
is now chiefly extracted from bones, by a che- 
mical process. It exists also in some plants which 
bear a strong analogy to animal matter in their 
chemical composition. 

EMILY. 

But is it never found in its pure separate state ? 

MRS. B. 

Never; and this is the reason that it remained 
so long undiscovered. 

Phdsphorus is eminently combustible : it melts 
and takes fire at the temperature of one hundred 
degrees, and absorbs in its combustion nearly once 
and a half its own weight of oxygen. 

CAROLINE. 

What ! will a pound of phosphorus consume a 
pound and a half of oxygen ? 

MRS. B. 

So it appears from accurate experiments. . I 
can show you with what violence it combines with 

VOL. I. N 



oatTfren, by burning some of it in that gas. We 
iMist mumge the experiment in the same manner 
as «c did the combustion of sulphur. Yau set 
1 UD obliged to cut thb httle bit of phosphorns 
Mrier water, otherwise there would be danger of 
lb ttkio^ firv bv (he heat of my fingers. 1 dow 
(Mt il into tho recover, and kindle it by means of 
alntwire. 

EMILY. 

MltM ft blue ! I can hardly look nt i(. 1 nenr 
9ftw wr tiling so briUiont. Does it not hurl 

CAROLINE. 

Y«s; brt still I cannot help looking at it, 
pmlif^HMi* quantity of oxygen must, indeed, 
", when so much light and caloric 
A* 
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MHS. B^ 

; cwobustion of a pound of phosphorus, 
ft nUfccient quantity of caloric is set free to ludl 
■fnrftrds of « hundred pounds of ice : this has 
hcvti computed by direct experiments with the 
vmkviuMKer. 

EMILY. 

AihI is the result of this cwabustion, like that of 
Md|)tu)r, an acid ? 

MRS. B. 

\'« : phosphoric acid. And had we duly pro- 
p^tniMwd the phosphorus and the oxygen, diey 
wvHiU hftve been completely converted into pbo»- 
l^Kwic «ckl» weiring together, in this new £tate> 
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esactly the sum of their weiglits separately. The 
water would have ascended into the receiver, on 
account of the vacuum formed, and would, have 
filled it entirely. In this case, as in the combus- 
tion of sulphur, the acid vapour formed is absorbed 
and condensed in the water of the receiver. But 
when this combustion is performed without any 
water or moisture being present, the acid then ap- 
pears in the form of concrete whitish 6akes, which 
are, however, extremely ready to melt upon the 
least admission of moisture. 

Does phosphorus, in burning in atmospherical 
air, produce, like sulphur, a weaker sort of the 
same acid ? 

MRS, B. 

No ; for it bums in atmospherical air, nearly at 
the same tem^ierature as in pure oxygen gas ; and 
it is in both cases so strongly disposed to combine 
with the oxygen, that the combustion is perfect, 
and the product similar ; only in atmospherical air, 
being less rapidly supplied with oxygen, the pro- 
cess is performed in a. slower manner. 



But is there no method of acidifying phosphorus 
in a slighter manner, so as to form phosphorous 
acid? 

MRS. B. 

Yes, there is. When simply exposed to the 
atmosphere, phosphorus undergoes a kind of slon 
combustion at any temperature above zero. 

M 2 
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EMILY. 

Is not tbe process in this case rather an oxid- 
ation than a combustion? For if the oxygen be 
too slowly absorbed for a sensible quantity of light 
and heat to be disengaged, it cannot be a true 
combustion. 



The case Is not as you suppose : a faint hght is 
emitted, which is very discernible in the dark ; but 
the heat evolved is not sufficiently strong to be 
sensible : a whitish vapour arises from this com- 
bustion, which, uniting with water, condenses into 
liquid phosphorous acid. 

CAROLINE. 

Is it not very singular that phosphorus should 
burn at so low a temperature in atmospherical jiir, 
whilst it does not burn in pure oxygen without the 
application of heat ? ^ 

MRS. B. ^H 

So it at first appears. But this circumstuie^ 
seems to be owing to the nitrogen gas of the at- 
mosphere. This gas dissolves small particles of 
phosphorus, which, being thus minutely divided 
and diffused in the atmospherical air, combines 
with the oxygen, and undergoes this slow com- 
bustion. The same effect does not take pi; 
oxygen gas, because it is not capable of dissolvil 
phosphorus : it is therefore necessary, in thi 
that heat should be applied to effect that divisiOB 



ii 



if particles, which, in the former instance, is pro- 
duced by the nitrogen. 

EMILY. 

I have seen letters written with phosphorus 
fhtch are invisible by day-light, but may be read 
n the dark by their own light. They look as if 
bey were written with fire ; yet they do not seem 
o burn. 

MRS, B. 

But they do really burn ; for it is by their slow 
lombustion that the light is emitted ; and phos- 
ihorous acid is the result of this combustion. 

Phosphorus is sometimes used as a test to esti- 
Qate the purity of atmospherical air. For this 
lurpose, it is burnt In a graduated tube, called an 
Audiometer (Plate XIV. fig, 2.), and the propor- 
ioa of oxygen in the air examined is deduced from 
he quantity of air which the phosphorus absorbs ; 
JT the phosphorus will absorb the whole of the 
Kygen, and the nitrogen alone will remain. 

EMILY. 

And the more oxygen is contained in the atmo- 
sphere, the purer, I suppose, it is esteemed .'' 

MRS. B. 

Certainly, Phosphorus, when melted, combines 
with a great variety of substances. With sulphur 
it forms a compound so extremely combustible, 
that it immediately takes fire on coming in con- 
tact with the air. It is with this composition that 
phosphoric matches are prepared, which kindle aa 
N 3 
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them, if they knew from what a simple cause they 
proceed. 

MRS. B. 

There are other combinations of phosphorus 
daat have also very singular properties, particularly 
Aat which results from its union with lime. 

EMILY. 

Is there any name to distinguish the combin- 
ition of two substances, like phosphorus and lime, 
teither of which are oxygen, and which cannot 
herefore, produce either an oxide or an acid ? 

MRS. B. 

The names of such combinations are composed 
jfrom those of their ingre<lients merely by a slight 
change in their termination. Thus the combin- 
ation of sulphur with lime is called a sidphuret, 
ind that of phosphorus, upkosphoret of lime. This 
[atter compound, I was going to say, has the sin- 

fular property of decomposing water, merely by 

leing thrown into it It effects this by absorbing 
Jie oxygen of water, in consequence of which 
pibbles of hydrogen gas ascend, holding in solu- 
ion a small quantity of phosphorus. 

EMILY. 

These bubbles, then, avq phospkoretled hydrogen 



Yes ; and they produce the singular appearance 

^a flash of fire issuing from water, as the bubbles 

indie and detonate on the surface of the water, 
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CAROLINE. 

There is one — and another. How curious it is ! 
— But I do not understand how this is produced. 

MRS. B. 

It is the consequence of a display of affinities 
too complicated, I fear, to be made perfectly intel- 
ligible to you at present. 

In a few words, the reciprocal action of the 
potash, phosphorus, caloric, and water are such, 
that some of the water is decomposed, and the 
hydrogen gas thereby formed carries off minute 
particles of phosphorus, with which it forms phos- 
phoretted hydrogen gas, a compound which spon- 
taneously takes fire at almost any temperature. 

EMILY. 

What is that circular ring of smoke which slowly 
rises from each bubble after its detonation ? 

MRS. B. 

It consists of water and phosphoric acid in 
vapour, which are produced by the combustion of 
hydrogen and phosphorus. 
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CAROLINE. 

To-day, Mrs. B., I believe we are to let 
nature and properties of Carbon. This , 
stance is quite new to me ; I never heard it men- 
tioned before. 

MRS. B. 

Not so new as you imagine ; for carbon is no- 
thing more than charcoal in a state of purity; that 
is to say, unmixed with any foreign ingredients. 

CAROLINE. 

But charcoal is made by art^ Mrs. B., and how 
can a body consisting of one simple substance be 
fabricated ? 

MRS. B. 

You again confound the idea of making a sim- 
ple body, with that of separating it from a com- 
pound. The chemical processes by which a sim- 
ple body is obtained in a state of purity consist ia 
unmaking the compound in which it is contained^ 
in order to separate from it the simple substance 
in quesUon. The method by which charcoal ta 
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usually obtained, is, indeed, commonly called 
making it ; but, upon examination, you will find 
this process to consist simply in separating it from 
.other substances with which it is &iund combined 
jn nature. 

Carbon forms a considerable part of the solid 
matter of all organised bodies ; but it is most 
abundant in the vegetable creation, and it is chiefly 
obtained from wood. When the oil and water 
(which are other constituents of vegetable matter) 
are evaporated, tlie black, porous, brittle substance 
that remains, is charcoal. 

CAROLINE. 

But if heat be applied to the wood in order to 
.evaporate the oil and water, will not the temper- 
ature of the charcoal be raised so as to make it 
burn; and if it combines with oxygen, can we any 
'longer call it pure ? 

MRS. B. 

I was going to add, that, in this operation, the 
ir must be excluded. 

CAROLINE. 

How then can the vapour of the oil and water 
flyofiF? 

MRS. B. 

In order to produce charcoal in its purest state, 
^(which is, even then, but a less imperfect sort of 
carbon,] the operation should be performed in an 
earthen retort. Heat being applied to the body 
of the retort, the evaporable part of the wood will 
N 6 
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escape through its neck, into which no air can 
penetrate as long as the heated vapoui- continues 
to fill it. And if it be wished to collect these vola- 
tile products of the wood, this can easily be done 
by introducing the neck of the retort into tlie 
water-bath apparatus, with which you are ac- 
quainted. But the preparation of common char- 
coal, such as is used in kitchens and manufactures, 
is performed on a much larger scale, and by an 
easier and less expensive process. 

EMILY. 

1 have seen the process of making common char- 
coal. The wood is ranged on the ground in a pile 
of a pyramidical form, with a fire underneath ; the 
whole is then covered with clay, a few holes 
being left for the circulation of air. 



i 



MRS. B. _ 

These holes are closed as soon as the wood is 
fairly lighted, so that the combustion is checked, 
or at least continues but in a very imperfect mai^ 
ner; but the heat produced by it is sufficient to 
force out and volatilise, through the earthy cover, 
most part of the oily and watery principles of the 
wood, although it cannot reduce it to ashes. 

EMILY. 

Is pure carbon as black as charcoal ? 

MRS. B. 

"Hie purest carbon we can prepare is bo ; J 
chemists have never yet been able to sepanu 
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entirely from hydrogen. Sir H. Davy says, that 
the most perfect carbon that is prepared by art 
contains about five per cent, of hydrogen : he is 
of opinion, that if we could obtain it quite free 
from foreign ingredients, it would be metallic, in 
common with other simple substances. 

But there is a form under which charcoal ap- 
pears, that I dare say will surprise you. — This 
ring I wear on my finger, owes its brilliancy to a 
small piece of carbon. 

CAROLINE. 

Surely you are jesting, Mrs. B. — I thought 
your ring was diamond ? 

MRS. B. 

It is so. But diamond is nothing more than 
carbon in a crystallised state. 

EMILY. 

That is astonishing ! Is it possible to see two 
things apparently more different than diamond 
and charcoal ? 

CAROLINE. 

It is, indeed, curious to think that we adorn 
ourselves with jewels of charcoal ! 

MRS. B. 

There are many other substances, consisting 
chiefly of carbon, that are remarkably white. 
Cotton, for instance, is almost wholly carbon. 

CAROLINE. 

That, I own, I could never have imagined ! -* 
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biosphere, with most of the oxides, acids, and 
taeutral salts, and with many other cotnpouads. 
lUt the more compHcated combinations of nature, 
Eren in the mineral kingdom, are in general beyond 
Bnr reach, and any attempt to imitate organised 
lodies must ever prove fruitless ; their formatioa 
B a secret which rests in the bosom of the Creator, 
fon see, therefore, how vain it would be to attempt 
p make cotton by chemical means. But, surely, 
ave no reason to regret our inability in this 
nstance, when nature has so clearly pointed out 
t method of obtaining it in perfection and abuud- 
ipce. 

CAROLINE. 

I did not imagme that the principle of life could 
! imitated by the aid of chemistry ; but it did not 
fipear to me absurd to suppose that chemists 
laight attain a perfect imitation of inanimate 
rture. 



They have succeeded in this point in a variety 
f instances ; but, as you justly observe, the prin- 
[ple of life, or even the minute and intimate 

bganisation of the vegetable kingdom, are secrets 
rhich have almost entirely eluded the researches 
if philosophers ; nor do I imagine that human art 
rill ever be capable of investigating them with 
implete success. 

EMILY. 

But diamond, since it consists of one simple 



imorgaaised substance, might be, one would think, 
perfectly imitabteby art? 

MRS. B. 

It is sometimes as much beyond our power to 
obt^n a simple body in a slate of perfect puri^ 
as it is to imitate a complicated combiuadon ; for 
the operations by which nature separates bodies 
are fi^ueutly as ioimitable as those which she 
uses for their combination. This is the case with 
carbon ; all the efforts of chemists to separate it 
entirely from other substances have proved fruit- 
less, and in the purest state in which it can be 
obtained by art, it still retains a portion of hydro- 
gen, and probably of some other foreign ingre- 
dients. We are ignorant of the means which nature 
employs to crystallise it. It may possibly be the 
work of ages, to purify, arrange, and unite the 
particlesof carbon in the tbrm of diamond. Here 
b some charcoal in the purest state in which we can 
procure it ; you see that it is a very black, brittle, 
light, porous substance, entirely destitute of either 
taste or smell. Heat, without air, produces no 
alteration in it, as it is not volatile : buC, on the 
oonlrary, it invariably remains at the bottom of 
the vessel after all the other parts of the vegetable 
are evaporated. 

EMILY. 

Yet carbon is, no doubt, combustible^ since f, 
say tliat charcoal would absorb oxygen tf air n 
admitted during its preparation ? 
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CAROLINE. 

Unquestionably. Besides, you know, Emily, 
how much it is used in cooking. But pray what 
is the reason that charcoal burns without smoke, 
whilst a wood fire smokes so much ? 

MRS. B. 

Because, in the conversion of wood into char- 
coal, the volatile particles of the former have been 
evaporated. 

CAROLINE. 

Yet I have frequently seen charcoal burn with 
flame ; therefore it must in that case contain some 
hydrogen. 

MRS. B. 

You should recollect that charcoal, especially 
that which is used for common purposes, is not 
pure. It retains some remains of the various 
other component parts of vegetables, and hydro- 
gen particularly, which accounts for the flame in 
question. 

CAROLINE. 

But what becomes of the carbon itself during 
its combustion ? 

MRS. B. 

It gradually combines with the oxygen of the 
atmosphere, in the same way as sulphur and phos- 
phorus ; and, like those substances, it is converted 
into a peculiar acid, which flies ofi* in a gaseous 
form. There is this diffierence, however, that the 
acid is not, in this instance, as in the two cases just 
mentioned, a mere condensable vapour, but a per- 



rt elastic fluid, which remains in the stateof 
ader may ordinary pressure and temperatoie. 
t lus been recently discovered, as I have at 
f mentioiMd, that carbonic acid gas may, byi 
"^tKJ powerfitl pressure, be condensed into a liquid- 
Tks aatnn of this acid was first ascerUuued by 
Dr. RlarV. of Edinburgh : and, before the intro- 
Jttiop of the Dew nomenclature, it was calW 
Jimimir. It is now distinguished by llie more 
He of carbonic acid gas. 



EMU.?. 

OiitHin, then, can be volatilised by burnia^ 
L hj heat alone no such eflect 

d? 

3IR$.B. 
Tcs; but tben it is no longer simple carbof^ 
an acid of which carbon forms the basis, laj 
stale carboo rciaios no more appearance of s( 
or oDrporcal fi>rm, than the basis of any othei 
And Tou way, I think, from this instance, d 
a mote dear idea of the basis of the oxygei^ 
dntgCKt and nitrogen gases, the existence of v 
as raal bodies, you seemed to doubt, 1 
tbcy were not to be obtained simply in « | 
Ibria. 

EMILV. 

Tbat is true: we may conceive the basis of At I' 
**3TP*» ""^ °'^ 't*® other gases, to be solid, heavy 
Wh^ances, like carbon; but so much < 
IS to become invisible. 



CAROLINE. 

But does not the carbonic acid gas partake of 
^le blackness of charcoal 7 

MRS. B. 

Not in the least. Blackness, you know, does 
I not appear to be essential to carbon, and it is pure 
I carbon and not charcoal, that we must consider as 
lUie basis of carbonic acid. We shall make some 
I carbonic acid, and, in order to hasten the process, 
twe shall burn the carbon in oxygen gas. 

EMILY. 

But do you mean, then, to bum diamond? 



Charcoal will answer the purpose still better, 
eiog softer and more easy to inflame ; besides, the 
Bperiments on diamond are rather too expensive. 

CAROLINE. 

But is it possible to bum diamond ? 

MRS. B. 

Yes, it is; and, in order to effect this combustion, 
nothing more is required than to apply a sufficient 
degree of heat by means of the blow-pipe, and of a 
stream of oxygen gas. Indeed it is by burning 
diamond that its chemical nature has been ascer- 
tained. It has long been known as a combustible 
substance, but it is within these thirty years that 
the product of its combustion has been proved to 
be pure carbonic acid. This remarkable discovery 
is due to Mr. Tennant. 

Now let us try to moke some carbonic acid.— 



Will you, Emily, decant some oxygen gas from 
this large jar into the receiver in whicli we are to 
burn the carbon ? and I shall introduce this smaQ 
piece of charcoal, with a little lighted tinder, which 
will be necessary to give the first impulse to the 
combustion. 

EMILY. 

I cannot conceive how so small a piece of tinder, 
and that but just lighted, can raise the temperature 
of the carbon sufficiently to set fire to it; for it can 
produce scarcely any sensible heat, and it hardly 
touches the carbon. 

MRS. B. 

The tinder thus kindled has only heat enough 
to begin its own combustion, which, however, soon 
becomes so rapid in the oxygen gas, as to raise the 
temperature of the charcoal sufficiently for thi^l 
bum likewise, as you see is now the ease. 



earq 



EMILY. 
I am surprised that the combustion of carbf 
not more brilliant; it does not give out near V 
much light or caloric as phosphorus, or sulphur. 
Yet since it combines with so much oxygen, why 
is not a proportional quantity of light and heat 
disengaged fi'om the decomposition of the oxygen 
gas, and the union of its electricity with that of the 
charcoal ? 

MRS. B. 

It is not surprising that less light and heat should 
be liberated in this than in almost any other conw 
bustion, since the oxygen, instead of entering il 
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a solid or liquid combination, as it does in the 
phosphoric and sulphuric acids, is employed in 
forming another elastic fluid; it therefore parts 
with less of its caloric. 

EMILY. 

True ; and, on second consideration, it appears, 
on the contrary, surprising that the oxygen should, 
in its combination with carbon, retain a sufficient 
portion of caloric to maintain both substances in a 
gaseous state. 

CAROLINA. 

We may then judge of the degree of solidity in 
which oxygen is combined in a burnt body, by 
the quantity of caloric liberated during its com- 
bustion ? 

MRS. B. 

Yes; provided that you take into the account 
the quantity of oxygen absorbed by the combus- 
tible body, and observe the proportion which the 
caloric bears to it. 

CAROLINE, 

■ But why should the water, after the combustion 
of carbon, rise in the receiver, since the gas within 
it retains an aeriform state ? 

MRS. B. 

Because the carbonic acid gas is gradually ab- 
sorbed by the water; and this effect would be 
promoted by shaking the receiver. 

EMILY. 

The charcoal is now extinguished, though it ia 



DM nearly consumed; it has such an extraordini 
aviditT for oxygen, I suppose, that the rece9| 
did Dot contain enoagb to satisfy the whole. 

MRS. B. 

That is certainly the rase; for if the combustion 
were perfiMTned in the exact proportions of 28 parts 
of carbon to 73 ofcsygent both these ingredieuts 
VDoId dilss^>pear, and 100 parts of carbonic acid 
wootdbe piodnoed. 

CAROLINi:. 

Carbonic acid must be a very strong acid, since 
it contains so great a proportion of osygen ? 

MRS. B. 

That b a Tery natural inference; yet it is erro- 
neous ; for the carbonic is the weakest of all the 
acids. The strength of an acid seems to depend 
upon the nature of its basis, and its mode of com- 
bination, OS well as upon the proportion of the 
acidi^-ing principle. The same quantity of o^ 
gen which will convert some bodies into strong 
acids, will only be sufficient simply to oxidate 
osiers. 

CAROLINE. 

Since this acid is so weak, I think chemists 
should have called it the carbonous, instead of the 
carbonic acid. 



But, Isuppose, the carbonous acid is still weaker, 
and is formed by burning carbon in atmospherical 



bos been lately discovered, that cai'boD may 

be converted into a gas, by uniting witb a smaller 

pi-oportion of oxygen ; but as this gas does not 

less any acid properties, it is no more than an 

le ; It is called gaseoits oxide of carbon, 

CAROLINE. 

Carbonic acid must be a very wholesome gas 
» breathe, as it contains so much oxygen ? 

MRS. B. 

On the contrary, it is extremely pernicious. 
Ixygen, when in a state of combination with other 
ibstances, loses, in almost every instance, its re- 
lirable properties, and the salubrious effects which 

has on the animal economy when in Its uncon- 
ned state. Carbonic acid is not only unfit iar 
spiration, but extremely deleterious if taken into 
le lungs. 

EMILY. 

You know, Caroline, how very unwholesome the 
imes of burning charcoal are reckoned. 

CAROLINE. 

Yes; but to confess the truth, I did not consider 
lat a charcoal fire produced carbonic acid gas. — 
an this gas be condensed into a liquid? 

MRS. B. 

No: for, as I told you before, it is a permanent 
lasUc fluid. But water can absorb a certain quan- 
ity of thb gas, and can even be impregnated with 



it, ia s very strong degree, by the assistance rf 
agitation and pressure, as I am going to showynk 
1 shall decani some carbonic acid gas inio tiai 
bottle, which I &11 first with water, in order (oex^ 
elude the atnwspherical air ; the gas is then intro- 
duci^ through the water, which you see it displaces, 
for it will not mix with it in any quantity unless 
strongly agitated, or allowed to stand over it 
some time. The bottle is now about half full 
carbonic acid gas, and the other half is still 
pied by the water. By corking tl»e bottle, 
then violently shaking it, in this way, I can 
the gas and water together. Now will vou teste 

EMILY. 

It has decidedly an acid taste, and appears f 
of little bubbles. 



It possesses likewise all the other properties 9 
acids, but, of course, in a less degree than a 
pure carbonic acid gas, as it is so much diluted tu 
water. 

This is a kind of artificial Seltzer water, 
analysing that which is produced by nature, im 
found to contain scarcely any thing more t 
common water impregnated with a certain pi4 
portion of carbonic acid gas. We are, therefor 
able to imitate it, by mixing those proportions d 
water and carbonic acid. Here, my dear, isfl 
instance in which, by a chemical process, we C 
exactly copy the operations of nature ; for I 



tificial Seltzer waters can be made in every re- 
lect similar to those of nature ; in one point, in> 
the former have an advantage, since they 

lay be prepared strongev or weaker, as occasion 

squires. 

CAHOLINE. 

I thought I had tasted such water before. But 
'hat renders it so brisk and sparkling? 



MRS, B. 

r, more correctly speaking, 



This sparkhi 

irvescence, is always occasioned by the action 
if an elastic fluid escaping from a llqnid ; in the 

tificial Seltzer water, it is produced by the car- 

inic acid, which, being lighter than the water in 
4ich it was strongly condensed, flies off with great 
ipidity the instant the bottle is uncorked; this 
lakes it necessary to drink it immediately. The 
ubbling which took place in this bottle was but 
ifiing, as the water was but very slightly impreg- 
|ated with carbonic acid. It requires a particular 

iparatus to prepare the gaseous artificial mineral 
'aters, 

EMJLy. 

If, then, a bottle of Seltzer water remain for 
ly length of time uncorked, I suppose it returns 
5 the state of common water? 

MRS. B. 

The whole of the carbonic acid gas, or very 
riy so, will soon disappear ; but there ia like- 



I 
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wise in Seltzer water a very small quantity of sodi^ 
and of a few other saline or earthy ingredienti, 
which will remain in the water, though it shouli) 
be kept uticorbed for any length of time. 

CAItOLINE. 

Pray what kind of water is soda water which is 
BO much drunk ? 

MRS. B. 

It very much resembles Seltzer water, holding 
!q solution, besides the gaseous acid, a particular 
saline substance, called soda, which imparts to the 
water certain medicinal qualities, 

CAROLINE, 

But how can these waters be so wholesome, since 
carbonic acid is so pernicious ? 

MRS. B. 

A gas, though very prejudicial to breathe, insy 
be beneficial to the stomach. — But it would be 
of no use to attempt explaining this more fully >> 
present, 

CAROLINE. 

Are waters never impregnated with other gases? 

MRS. B. 

Yes; there are several kinds of gaseous waters. 
Waters have, also, been prepared, impregnsted 
both with oxygen and hydrogen gases. These 
are not an imitation of nature, but are altogether 
obtained by artificial means. They have beeO 
lately used medicinally, particularly on the Con- 
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tinent, where, I understand, they have acquired 
some reputation. 

EMILY. 

If I recollect right, Mrs. B., you told us that 
carbon was capable of decomposing water; the 
affinity between oxygen and carbon must, there- 
fore, be greater than between oxygen and hy- 
drogen ? 

MRS. B. 

Yes ; but this is not the case, unless their tem- 
perature be raised to a certain degree. It is only 
when carbon is red-hot, that it is capable of sepa- 
rating the oxygen from the hydrogen. Thus, if 
a small quantity of water be thrown on a red-hot 
fire, it will increase rather than extinguish the 
combustion; for the coals or wood (both of which 
contain a quantity of carbon) decompose the water, 
and thus supply the fire both with oxygen and 
hydrogen gases. If, on the contrary, a large mass 
of water be thrown over the fire, the diminution of 
heat thus produced is such, that the combustible 
matter loses the power of decomposing the water, 
and the fire is extinguished. 

EMILY. 

I have heard that fire-engines sometimes do 
more harm than good, by increasing the fire when 
they cannot throw water enough to extinguish 
it. It must be owing, no doubt, to the decom- 
i)osition of the water by the carbon during the 
conflagration. 

o 2 
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product of the decomposition of water by red-hot 
charcoal, therefore, is carbonated hydrogen gas, 
and carbonic acid gas. 

MRS. B. 

You are perfectly right, now. 

Carbon is frequently found combined with hy- 
drogen in a state of solidity, especially in coals, 
which owe their combustible nature to these two 
principles. 

EMILY. 

Is it the hydrogen, then, that produces the flame 
of coals ? ^ 

MRS. B. 

It is so ; and when all the hydrogen is consumed, 
the carbon continues to burn without flame. But 
again, as I mentioned when speaking of the gas 
lights, the hydrogen gas produced by the burning 
of coals is not pure ; for, during the combustion, 
particles of carbon are successivelj volatilised, with 
the hydrogen, with which they form what is called 
SLhydrO'Carbonatej which is the principal product of 
this combustion. 

Carbon is a very bad conductor of heat ; for 
this reason, it is employed (in conjunction with 
other ingredients) for coating furnaces and other 
chemical apparatus. 

EMILY. 

Pray what is the use of coating furnaces ? 

MRS. B. 

In most cases in which a furnace is used it is 

o 3 
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necessary to produce and preserve a great degj 
of heat, for which purpose every possible meo^^ 
are used to prevent the heat from escaping bj 
communicating witli otlier bodies ; and this object 
is attained by coating over the inside of the fur- 
nace with a kind of plaster, composed of materials 
that are bad conductors of heat. 

Carbon, combined with a small quantity of irj 
forms a compound called plumbago, or blat 
lead, of which pencils are made. This suhstanc^^ 
agreeably to the nomenclature, is a carbitret of 



firwftj 
blatM 

;tanc^ I 



EMILY. ^^ 

Why, then, is it called black-lead ? >^^^ 

MRS. B. ^H 

It is an ancient name given to it by ignorast 
people, from its shining metallic appearance: but 
it is certainly a most improper name for it, as 
there is not a particle of lead in the composition. 
There is only one mine of this mineral, which is 
in Cumberland. It is supposed to approach as 
nearly to pure carbon as the best prepared char- 
coal does, as it contains only five parts of iron, 
unadulterated by any other foreign ingredients. 
There is anotlier carburet of iron, in which the 
iron, though united only to an extremely small 
proportion of carbon, acquires very remarkable- 
properties : this is steel. 

CjtROLlNE. 

Realiy ; and yet steel is much harder than ii 



MRS. U. 

But carbon is not ductile, like iron, and, there- 
ore, may render the steel more brittle, and pre- 
rent its bending so easily. Whether it is that the 
■carbon, by introducing itself into the pores of the 
iron, and, by filling them, makes llie metal both 
-Tiarder and heavier ; or whether this change de- 
Iljaends upon some chemical cause, I cannot pre- 
tend to decide. But there is a subsequent opera- 
tion, by which the hardness of steel is very much 
'increased, which simply consists in heating the 
steel till it is red-hot, and then plunging it into 
cold water. 

Carbon, besides the combination just mentioned, 
enters into the composition of a vast number of 
natural productions ; such, for instance, as all the 
Various kinds of oils, which result from the com- 
bination of carbon, hydrogen, and caloric, in 
ramus proportions. 

EMILV. 

I thought that carboii, hydi-ogen, and caloric, 
Ibrmed carbonated hydrogen gas. 

MRS. B. 

"ITiat is the case when a small portion of car- 
lom&'BeuLgas is held In solution by hydrogen gas. 
Different [woportions of the eame principles, to- 
fether with the circumstances of their union, pro- 
duce very different combinations; of this you will 
lee innumerable examples. Besides, we are not 
1 talking of gas eE, butofcai'bon and hydrogen, 
o 4 



combined only with a cjuantity of caloric suffii 
to bring them to the consistency of oil or fat. 



But oil and fat 



CAROLINE. 

ire not of the same consistenceT 




Fat is only congealed oil ; or oil, melted fat. 
The one requires a little more heat to mainUin it 
in a 6uid state than the other. Have yoa never 
observed the fat of meat turned to oil by the caloric 
it has imbibed from the fire ? 

EMILY. 

Yet oils in general, as salad oil, and lamp-oil, 
do not turn to fat when cold. 

MUS. B. 

Ko; because they contain too much calra 
to congeal at the temperature of the atmosphen 
but if exposed to a sufficient degree of cold tl 
latent heat would be extricated, and they n 
become solid fat substances, as you have seen oS 
when frozen. 

The vegetable acids consist also of varii 
proportions of carbon and hydrogen, which t 
acidified by oxygen. Gums, sugar, and i 
are likewise composed of these ingredients; bnj 
as the oxygen they contain is not sufficient 1 
convert them i^ilo acids, they are classed with tl 
oxides, and called vegetable oxides, 

CAROLINE. 

1 am quite delighted with all these new idei 



|6t at the same time I cannot but be apprehensive 
may forget many of them. 

MRS. B. 

1 would advise you to take notes, or, what 
rould answer better still, to write down after 
rery lesson as mucli of it as you can recollect, 
nd in order to give you some assistance, I shall 
ad you the heads, or index, which I occasionally 
pisult for the sake of preserving some method 
ad arrangement in these conversations : unless 
I follow some such plan, you cannot expect to 
itain nearly all that you hear, how great soever 
i the unpressioo it may make on you at first, 

EMILY. 

BI will certainly follow your advice. — Hitherto 
lave found that I recollected, pretty well, what 
u have taught us ; but the history of carbon is 
Qore extensive subject than any of the simple 
lies we have yet examined. 

MRS. B. 

I have little more to say on carbon at present ; 
but hereafter you will see that it performs a con- 
siderable part in most chemical operations. 

CAROLINE. 

That is, I suppose, owing to its entering into 
the composition of so great a variety of sub- 
stances ? 

MRS. B. 

Certainly : it is the basis, you have seen, of all 
vegetable matter ; and you will find that it is very 

o 5 
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essential to the process of animalisatioQ. But indK 
mineral kingdom, also, parlicularly in its format 
carbonic acid, we shall often discover it combinol 
with a great variety of substances. 

In chemical operations, carbon is particularij 
useful, from its very great attraction for oxygen, 
as it will absorb this substance from many oxj-gen- 
ated or burnt bodies, and thus deoxygenate, of 
unburn them, and restore them to their original 
combustible state. 

CAROLIKE. 

I do not understand how a body can be imhiayit, 
and restored to its original state. This piece of 
tinder, for instance, which lias been burnt, if by 
any means the oxygen were extracted from it, 
would not be restored to its former state of linen; 
for its texture is destroyed by burning, and that 
must be the case with all organised or manu- 
factured substances, as you observed in a fomwr 
conversation. 

MKS. B. 

A compound body is decomposed by comba*- 
tion In a way which generally precludes the po»- 
sibiliiy of restoring it to its former state; the 
oxygen, for instance, does not become fixed in the 
tinder, but it combines with its volatile parts, and 
flies off in the shape of gas, or watery vapour. 
You see, therefore, how vain it would be to attempt 
the recomposition of such bodies. But, with regard 
to simple bodies, or at least bodies whose com- 
ponent pai'ts are not disturbed by the process of 
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oxygenation or deoxygenation, it is often possible 
to J^estore them^ after combustion, to their original 
state. — The metals, fpr instance, undergo no other 
alteration by combustion than a combination with 
oxygen; therefore, when the oxygen is taken from 
them, they resume their pure metallic form. But 
I shall say nothing further of this at present, as the 
metals will furnish ample subject for another mom* 
ing; and they are the class of simple bodies which 
come next under consideration. 



e 



CONVERSATION XL 



ON METALS. 



To proceed according to the classification of 
simple bodies which we have adopted, we should 
commence the subject of metals by treating ofthose 
comprehended in the 2(1 and Sd division of the 
Sd class, which form alkalies and earths by theb 
combination with oxygen. But as these simple 
bodies are of late discovery, having been concealed 
Iram our view under the form of alkalies and of 
earths, I shall postpone entering into any acconnt 
of them till we have examined those with which we 
are better acquainted, and leave them to terminate 
our view of the simple bodies. 

The metals which we shall now treat of consti* 
tute die 5th division of the 3d class. They are 
either naturally metallic, or yield their oxygen to 
carbon ok to heat alone, and are subdivided into 
malleable and brittle melals. They are bodies of 
a very different nature from those which we ha»e 
hitherto considered. They do not, like the bases 
of gases, elude the immediate observation of « 
IS ; for they are the most brilliant, the u 



londerous, and tlie most palpable substances in 
iture. 

CAROLINE. 

I doubt, however, whetlier the metals will appear 
) us so interesting, and give us so much entertain- 
lent as those mysterious elements which conceal 
lemselves from our view. Besides, they cannot 
rd so much novelty; they are bodies with which 
are already so well acquainted. 



MRS. B. 

You are not aware, my dear, of the interesting 
discoveries which were a few years ago made by 
Sir H. Davy respecting this class of bodies. By 
iie aid of the Voltaic battery, he has obtaioed from 
isvariety of substances metals before unknown, the 
woperties of which are equally new and curious. 
Ve shall begin by noticing those with which you 
rofess to be so well acquainted. To treat of this 
nibject fully would require a whole course of lee- 
Hires ; for metals form of themselves a most im- 
nrtant branch of practical chemistry. We must, 
tiierefore, confine ourselves to a general view of 
tiem. Tliese bodies are seldom found naturally 
1 their metallic form : they are generally more or 
'genated or combined with sulphur, earths, 
■ acids, and are often blended with each other. 
iThey are found buried in the bowels of the earth 
in most parts of the world, but chiefly in moun- 
tainous districts, where the surface of the globe 
IS been disturbed by earthquakes, volcanoes, and 
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other convulsions of nature. They are spr€ 

strata or beds, called veins, and these 
composed of a cerUun quantity of metal, comlri 
with various earthy substances, with which I 
form minerals of a different nature and appearance^ I 
which are called ores. 

CAROLINE. 

I now feel quite at home, for my &tjier has 
a lead-mine in Yorkshire, and I have heard * 
great deal about veins of ore, and of the roasting 
and smelting of the lead ; but I confess that I do 

not understand in what these operations consist. 



Koasting is the process by which the volatile 
parts of ore are evaporated; smelting, that by 
which tlie pure metal is aliierwards separated from 
the earthy remains of the ore. This is done by 
throwing the whole into a furnace, and mixing with 
it certain substances which will combine witli the 
earthy parts and other foreign ingredients of the 
ore; the metal being the heaviest, falls to the 
bottom, and runs out by proper openings in its 
pure metaUic state. 

EMIIY. 

Do theynot combine with oxygen, when strongly 

heated in the furnace, and run out in the state of 

osidfis? ' 

MRS. B. 

I No ; for iJie scoria, or oxide which soon foi 

on the surface of the fused metal, when it is c 
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able^ prevents the air from having any further in* 
Boence on the mass ; so that neither combustion 
nor oxygenation can take place. 

CAROLINE. 

Are all the metals equally combustible ? 

MRS. B. 

Far from it ; their attraction for oxygen varies 
extremely. There are some that will combine with 
it only at a very high temperature or by the as- 
sistance of acids; whilst there are others that 
oxidate spontaneously and with great rapidity, 
even at the lowest temperature ; such is, in parti- 
cular, manganese, which scarcely ever exists in 
the metallic state, as it immediately absorbs oxy- 
gen, on being exposed to the air, and crumbles to 
an oxide in the course of a few hours. 

EMILY. 

Is not that the oxide from which you extracted 
the oxygen gas ? 

MRS. B. 

It is : SO that, you see, this metal attracts oxy- 
gen at a low temperature, and parts with it when 
strongly heated. 

EMILY. 

Is there any other metal which oxidates at the 
temperature of the atmosphere? 

MRS. B. 

They all do, more or less, excepting gold, 
silver, and platina. 

Copper, lead, and iron, oxidate slowly in the 




air, and cover themselves with a sort of rust, 
process which depends on the gradual conversioni 
the surface into an oxide. This rusty suriace pi 
serves the interior metal from oxidation, 
prevents the air from coming in contact with 
Strictly speaking, however, the word rust appl 
only to the oxide whicli forms on the surface 
iron when exposed to air and moisture, 
oxide appears to be united with a small portion 
carbonic acid. 

EMILY. 

When metnls oxidate from the atmosphere i 
out an elevation of temperature, some light 
heat, I suppose, must be disengaged, though nO 
in sufficient quantities to be sensible, 

MRS. B. 

Undoubtedly ; and, indeed, it is not surprisi 
that, in this Case, the light and heat should not 
sensible, when you consider how extremely 
and, indeed, how imperfectly, most metals 
by mere exposure to the atmosphere. Fc'-' 
quantity of oxygen with which metals are ca^ 
of combining generally depends upon their 
perature; and the absorption stops at various po 
of oxidation, according to the degree to whii 
their temperature is raised. 

When the metal oxygenates with sufficien 
rapidity for light and heat to become sensible 
combustion actually takes place. But this happem 




'.at very high temperatures, and the product 
jjVertheless an oxide ; for though, as I have 
laid, metals will combine with different pro- 
pns of oxygen, yet, with the exception of 
ifive of them, they are not susceptible of 
■cation. 

uals change colour during the different de- 
f of oxidation which they undergo, Lead, 
l.heated in contact with the atmosphere, first 
tnes grey; if its temperature be then raised, it 
I yellow, and a still stronger heat changes it 
d. And it is even capable of a stronger degree 
ddation, in which the oxide is puce coloured, 
becomes successively a green, brown, and 
J oxide. Copper changes from brown to blue, 
(astly green. 

EMILY. 

lay, is the white lead with which houses are 
fed prepared with oxidating lead ? 

MRS. B. 

»t merely by oxidating, but by being also 
1^ with carbonic acid. It is a carbonate of 
The mere oxide of lead is called red lead, 
irge is another oxide of lead, containing less 
en. Almost all the metallic oxides are used 
lints. The various sorts of ochres consist 
fy of iron more or less oxidated. And it is a 
rkable circumstance, that if you burn metals 
Uy, the light or flame they emit during com- 
bn partakes of the colours which the oxide 
issively a 



CAROLINE. 

Ham is that accounted for, Mrs. B., since tigb I 
does not proceed frum the bumiiig body, butfrtol 
the deooinposiiion of the oxygen gas ? 

HS& B, 

The ooTT«^iondence of the colour of the light 
with that of the oxide which emits it, is, in a11 pro- 
iMbility, owing to some particles of the meial 
which are TolauUsed and carried off by the caloric. 

CAilOUNE. 

It is, then, a sort of metallic gas. 

EMILV. 

Why is it reckoned so unw-holesome to breathe 
die air of a place in which metals are roelung? 



Perhaps the Dotion is too generally entertained.1 
But it is true with respect to lead, and some other 
noxious metals, because, unless care be taken, t 
particles of the oxide which are volatilised by tlul 
heat are inhaled with the breath, and may produca 
dangerous effects. 

I must show you some instances of the cotnl» 
tion of metals : it would require the heat of a fill* 
nace to make them burn in the common air, but if 
we supply them with a stream of oxygen gas, wtB 
may easily accomplish it. 

CAROLINE. I 

It will still, I suppose, be necessary', insomede-l 
gree, to raise their temperature ? ' 
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liis, as you shall sec, is very easily done, parti- 
larly if the experiment be tried upon a small 
- I begin by lighting this piece of charcoal 
■with the candle, and then increase the rapidity of 
its combustion by blowing upon it with a blow-pipe. 
rpkteXV. fig. 1.) 

m ^^'^^- 

B That I do not understand ; for it is not every 
Knd of air, but merely oxygen gas, that produces 
combustion. Now you said that in breatliing we 
inspired, but (hd not expire oxygen gas. Why, 
therefore, should the airwhich you breathe through 
the blow-pipe promote the combustion of the 
charcoal ? 

JMItS. B. 
Because the air, which has but once passed 
rough the lungs, is yet but little altered, a small 
portion only of its oxygen being destroyed : so that 
a great deal more is gained by increasing the rapi- 
dity of the current, by means of the blow-pipe, 
than is lost in consequence of the air passing once 
through the lungs, as you shall see. 

EMILY. 

^ Yes, indeed, it makes the charcoal burn much 
lehter. 



I Whilst it is red-hot, I shall drop some iron 

faigs on it, and supply them with a current of 

igrgen gas, by means of this apparatus {PlaleXV. 

2.), which consists simply of a closed tin cylin- 
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their oxidation or combustion can be per- 
icd only by means of acids or by electricity. 
B Spark given out by the Voltaic battery pro- 
ws at the point of contact a greater degree of 
it than any other process ; and it is at this very 
h temperature only that the affinity of these 
for oxygen will enable them to act on each 

I am sorry that I cannot show you the combus- 

II of the perfect metals by this process, but it 
|uires a considerable Voltaic battery. You will 
i these experiments performed in the most per- 
t manner, when von attend the chemical lectures 
the Royal Institution. But, in the mean time, 

without difficulty, show you an ingenious 
aratus contrived for the purpose of producing 
i heats, the power of which nearly equals 
it of the largest Voltaic batteries. It simply 
isists, you see, in a strong box, made of iron 
copper (Plate XIII. fig. 2,), to which may be 
^ted this air-syringe or con den sing-pump, and 
top-cock terminating in a small orifice similar 
that of a blow-pipe. By working the conden*- 
f syringe up and down in this manner a quantity 
air is accumulated in the vessel, which may be 
creased to almost any extent ; so that, if we now 
1 the stop-cock, the condensed air will rush 
t, forming a jet of considerable force; and if 
p place the flame of a lamp in the current, you 
I Bee how violently the flame is driven ia that 
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It seems to be exactly the same effect as that of 
a blow-pipe worked by the mouth, only mnch 
stronger. 

EMILY, 

And the instrument has this additional advan- 
tage, that it does not fatigue the mouth and lungs 
like the common blow-pipe, and requires no art 
in blowing, 

HRB. B. 

Unquestionably ; but yet this blow- pipe would 
be of very limited utility, if its energy and power 
could not be greatly increased by some other con- 
trivance. Can you imagine any mode ofprodudl^ 
such an effect? 

EMILY. 

Could not the reservoir be charged with pure 
oxygen, instead of common air, as in the case of 
the gas-holder ? 

MBS. B. 

This is precisely the contrivance I allude lo- 
The vessel need only be supplied with air from a 
bladder full of oxygen, instead of the air of die 
room, which, you see, may be easily done by screw- 
ing the bladder on the upper part of the syringe, 
so that, in working the sj'ringe, the oxygen gas is 
forced from the bladder into the condensing vesseL 

CAROLINE, 

With the aid of this small apparatus, therefo 
the same effects may be obtained as those we b 



kt produced with the gas-holder, by meanii of « 
a of water forcing the gas out of it ? 

MRS. B. 

and much more conveniently so. But 
s is a mode of using this apparatus, which pro- 
. still more powerful effects. It consists in 
Sensing in the reservoir, not oxygen alone, but 
Ixture of oxygen and hydrogen in the exact 
lortion in which they unite to produce water ; 
^d then kindling the jet formed by the mixed 
gases. The heat disengaged by this combustion, 
without the help of any lamp, is probably the 
most intense known ; and various results are said 
to have been obtained from it which exceed all 
.Wpectation. 

^ CAROLINE. 

But why should we not try this experiment? 



anise it is not exempt from danger; the 
ibustioD (notwithstanding various contrivances 
«ich have been resorted to with a view to prevent 
accident) being apt to penetrate into the inside of 
the vessel, and to produce a dangerous and violent 
explosion. 

Mr. Dobereiner, of Jena, hag discovered that 
platina, in a state of spongy texture, in which it Is 
procured by heating the salt formed by nitro- 
muriatic acid, platina, and ammonia, possesses the 
;ular property of eflecting the combustion of 
togen in atmospherical air, and becomes itself 
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incandescent. The experiment Is easily 
presenting to a current of hydrogen gas a pii 
platina, in the form above mentioned, at such a 
distance tliat the jet of hydrogen may be mixed 
with the common air. In a mixture of two parts of 
hydrogen and one of oxygen, the platina produces 
detonation and formation of water. 

Platina leaf, if crumpled up and introduced mto 
the mixture, has a similar action; whilst ill the 
state of wire or powder, it is without effect. Se- 
veral other metals, such as iron, palladium, gold, 
and silver, possess the same property, but in a less 
degree. 

CAROLINE. 

Do you mean to say, that metals exposed lo a 
current of hydrogen become incandescent without 
having been previously heated ? 

MRS. B. 

This is the case at least with platina, palladium, 
and those metals which are found mixed WtUl 
crude platina: hut the others, of which number 
are gold and silver, require to be elevated above 
the common temperature to produce this effect. 
It has, indeed, been ascertained by recent experi- 
ments, that platina becomes incandescent by ex- 
posure to a current of hydrogen gas, even when the 
temperature of the metal is lowered by a (rigorific 
mixture eight or ten degrees below the zero oS 
Fahrenheit.' The platina used in this expcri- 

* See eKperiraents oF Messrs. de la Rite and Mu 
Vol, II. of M^moires de la Soci<5te de Ph)'sique de Ciah^ 
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ment was prepared by imbibing brown paper 
with muriate of platina ; this was first dried by a 
gentle heat, and then burnt to ashes in a small 
crucible ; the muriatic acid escaped, and the pla* 
tina remained in a remarkably porous state : with 
platina thus prepared, the experiment of the cur- 
rent of hydrogen succeeds much better than when 
it is in a porous state, in which case the incan- 
descence ceases either at the freezing point or 
two or three degrees below it 

ITiese singular phenomena remain as yet with- 
out satisfactory explanation. We shall now pro- 
ceed in our subject. 

CAROLINE. 

I think you said the oxides of metals could be 
restored to their metallic state ? 

MRS. B. 

Yes ; this operation is called reviving a metal. 
Metals are in general capable of being revived by 
charcoal, when heated red-hot, charcoal having 
a greater attraction for oxygen than the metals. 

You need only, therefore, decompose, or un- 
burn the oxide, by depriving it of its oxygen, and 
the metal will be restored to its pure state. 

EMILY. 

But will the carbon, by this process, be burnt, 
and be converted into carbonic acid ? 

MRS. B. 

Certainly. There are other combustible sub- 
stances to which metals at a high temperature will 

VOL. I. P 
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MRS. B. 

• It is SO, in order to perform the process rapidly. 
Rust, you know, is sometimes months in forming, 
and then it is only the surface of the metal which 
is oxidated. 

EMILY. 

Metals, then, which do not rust, are incapable of 
spontaneous oxidation either by air or water ? 

MRS. B. 

Yes ; and this is the case with the perfect metals, 
which, on that account, preserve their metallic 
lustre so well. 

EMILY. 

Are all metals capable of decomposing water, 
provided their temperature be sufitciently raised ? 

^ MRS. B. 

No ; a certain degree of attraction is requisite, 
besides the assistance of heat. Water, you recol- 
lect, is composed of oxygen and hydrogen ; and, 
unless the affinity of the metal for oxygen be 
stronger than that of hydrogen, it is in vain that 
we raise its temperature, for it cannot take the 
oxygen from the hydrogen. ' The affinity of iron^ 
zinc, tin, and antimony for oxygen is stronger than 
that of hydrogen, these four metals, therefore, are 
capable of decomposing water. But hydrogen, 
having an advantage over all the other metals with 
respect to its affinity for oxygen, it not only with- 
holds its oxygen from them, but is even capable, 
under certain circumstances, of taking the oxygen 
from the oxides of these metals4 

p 2 
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EMILY. 

I confess that I do not quite understanil i 
kydrogen can take oxygen from those metals which 
do iiol decompose water. 

CAROLINE. 

I think I do perfectly. Lead, for instancy 
not decompose water, because it has not so strot 
an attraction for oxygen as hydrogen has. Well, 
then, suppose the lead to be in a state of oxide ; 
hydrogen will take the oxygen from the lead, and 
luiite with it to form water, because hydri^en has 
« stronger attraction for oxygen, than oxygen has 
tor lead ; and it is the same with ail the other metals 
which do not decompose water. 

EMILY. 

I understand your explanation, Caroline, vety 
well ; and I imagine that it is because lead cannot 
decompose water that it is so much employed, in 
the form of pipes, for its conveyance. 

MRS. B. 

Certainly ; lead is, on that account, parliculnrly 
appropriate to such purposes ; whilst, on the con- I 
Irary, this metal, if it was oxidable by water, 
would impart to it very noxious qualities, as all I 
oxides of lead are more or less pernicious. 

But, with regard to the oxidation of metals 
the most powerful mode of effecting it, is by 
means of acids. These, you know, contain a much I 
greater proportion of oxygen than either air or J 
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water ; and will, most of them, easily yield it to 
metals. 

Thus, the zinc plates of the Voltaic battery are 
oxidated by the acid and water, much more effec- 
tually than by water alone. 

CAROLINE, 

And I have often observed, that if I drop vine- 
gar, lemon, or any acid on the blade of a knife, or 
on a pair of scissors, it will immediately produce a 
sqpot of rust. 

EMILY, 

Metals have, then, three ways of obtaining oxy- 
gen; from the atmosphere, from water, and from 
acids, 

MRS. B. 

The two first you have already witnessed, and 
I shall now show you how metals take the oxygen 
from an acid. This bottle contains nitric acid ; 
I shall pour some of it over this piece of copper- 
leaf. 

CAROLINE. 

Oh, what a disagreeable smell ! 

EMILY. 

And what is it that produces the effervescence 
and that thick yellow vapour ? 

MRS. B. 

It is the acid, which, being abandoned by the 
greatest part of its oxygen, is converted into a 
weaker acid, which escapes in the form of gas. 

p 3 



And whence proceeds this hd 

MRS. B. 

Indeetl, Caroline, I think you might now bi 
to answer that question yourselF. 

CAKOLIXE. 

Perhaps it is that the oxygen enters into 1 
metal in a more soliil state than it existed in tlie 1 
acid, in consequence of which caloric is disen- 
gs^;^ The efiervescence is now over ; therefore 
1 suppose that the metal is already oxidated. 

MRS. B. 

Yes. There is another important connection 
between metals and acids, with which I must make 
you acquainted. Metals, when in the state of 
osides, are capable of being dis,soIved by adds. 
In tliis operation they enter into a chemical cooi' 
binatiuu with the acid, and form an entirely 
compound. 

CAROLINE, 

But what difference is there between the 
dalion and the dissoliUion of the metal by an 



com- 
y^ 



In the first case, the metal nierely combines 
a portion of oxygen taken from the acid, which is 
thus pardy deoxygenated, as in the instance you 
have just seen; in the second case, the metal, after 
being previously oxidated, is actually dissolveil in 
the Qcid, and enters into a chemical combinauon 
with it, without producing any further decoi 
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ition or effervescence. — This complete combin- 
ton of an oxide and an acid tbrms a peculiar and 
nportant class of compound salts. 

EMILY. 

The difference between an oxide and a coni- 
Dund salt, therefore, is very obvious ; the one 
insists of a metal and oxygen ; the other of an 
■tide and an acid. 

MRS. B. 

Very well : and you will be careful to remem- 
ber that the metals are incapable of entering into 
this combination with acids, unless they are pre- 
viously oxidated ; therefore, whenever you bring 
a metal in contact with an acid, it will be first 
oxidated and afterwards dissolved, provided that 
J^ere be a sufficient quantity of acid for both ope^ 

^vlliere are some metals, however, whose soln- 
^Rhi is more easily accomplished, by diluting the 
a<ud in water ; the metal will, in thb case, be 
oxidated, not by the acid, but by the water, which 
it will decompose. In proportion as the oxygen 
of the water oxidates the surface of the metal, the 
acid combines with it, washes it off, and leaves a 
clean surface for the oxygen to act upon-; fresh 
coats of oxide are then successively formed, and 
rapidly dissolved by the acid, which continues com- 
bining with the new-formed surfaces of oxide till 
the whole of the metal is dissolved, During this 
process the hydrogen gas of the water is disen- 
Iged, and flies off with effervescence. 
p 1 



EMILY. 

Was not this the mauner in which the | 
pburic acid assisted the iron filings in decomp* 
water ? 

MRS. B. 

Exactly; and it is thus that several metals, t 
are incapable alone of decomposing water, ^ 
enabled to do it by the assistance of an acid, i 
by continually washing off the coat of oxide as it 
is formed, prepares a fresh surface of metal to act \ 
upon the water. 

CABOLINE. 

The acid here seems to perform a part v 
analogous to that of a sci-ubbitig-brush. — Bat 
pray would not this be a good method of cleaning 
metallic utensils? 

MRS. B. 

Yes ; on some occasions a weak acid, as vinegar, 
is used for cleaning copper. Iron plates, too, arc 
freed from the rust on their surface by diluted ma- 
viatic acid, previous to their being covered with 
tin. You must remember, however, that in this 
mode of cleaning metals the acid should be 
quickly afterwards wiped oft", otherwise it would 
produce t'resli oxide. 

CAROLINE. 

Let us watch the dissolution of the copper 
the nitric acid ; tor I am very impatient to see tbe 
salt which is to result from it. The mixture is 
now of a beautiful blue colour; but there 
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appearance of the formation of a salt : it appears 
to be a tedious operation. 

MRS. B. 

The crystallisation of the salt requires some 
length of time to be completed ; if, however, you 
are so impatient, I can easily show you a metallic 
salt already formed. 

CAROLINE. 

But that would not satisfy my curiosity half so 
well as one of our own manufacturing. 

MRS. B. 

It is one of our own preparing that I mean to 
show you. When we decomposed water a few 
days since, by the oxidation of iron filings through 
the assistance of sulphuric acid, in what did the 
process consist ? 

CAROLINE. 

In proportion as the water yielded its oxygen 
to the iron, the acid combined with the new* 
formed oxide, and the hydrogen escaped alone. 

MRS. B. 

Very well ; the result, therefore, was a compound 
salt, formed by the combination of sulphuric acid 
with oxide of iron. It still remains in the vessel 
in which the experiment was performed. Fetch 
it, and we shall examine it. 

EMILY. 

What a variety of processes the decomposition 
of water, by a metal and an acid, implies : 1st, the 

p 5 
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attraction. But when the body is dissolved by 
caloric alone, nothing more is necessary, in order 
to make its particles re-unite, than to reduce its 
temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by 
evaporation or by cooling, and care taken that the 
particles be not agitated during their re-unton, they 
will arrange themselves in regular masses, each 
individual substance assuming a peculiar form or 
arrangement; and this is called crystallisation. 

EMILY* 

Crystallisation, therefore, is pimply the re-union 
of th^ particles of a solid body which has been 
dissolved in a fluid. 

MRS. B. 

That is a very good definition of it. But I 
must not forget to observe that heat and water 
may unite their solvent powers ; and, in this case, 
crystallisation may be hastened by cooling, as well 
as by evaporating the liquid. 

CAROLINE. 

But if the body dissolved be of a volatile nature, 
will it not evaporate with a fluid ? 

MRS. B. 

A crystallised body held in solution only by 
water is scarcely ever so volatile as the fluid itself 
and care must be taken to manage the heast so 
tbat it may be sufiicient to evaporate the water 
only. 

I should not omit also to mention that bodies 

p 6 
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in crystallising from tlieir watery solution alwaji I 
retain a small portion of water, which remuns I 
coD&ned in the crystal !□ a solid form, and doe I 
not re-appear unless the body loses its crystallijie I 
state. This is called the water of crystallUatm. 1 
But you must observe, that whilst a body may be I 
separated from its solution in water or caloric I 
simply by cooling or by evaporation, an acid o 
be taken from a metal with which it is combioed 
only by stronger affinities, which produce a d 
composition. 

EMILY. 

Are the perfect metals susceptible of \ 
dissolved and converted into compound s 
acids? 

MRS. B. 

Gold is acted upon by only one acid, the oilro- 
muriatic acid, commonly called aqua regia. Thii 
acid is itself composed of a mixture of the nitric 
and muriatic acids. Platina is also acted upon 
by this acid only ; silver is dissolved by nitric 
acid. 

CAROLINE. 

1 think you said that some of the metals might 
be so strongly oxidated as to become acid? 



There are five metals, arsenic, molybdoui 
chrome, tungsten, and columbium, which are sus- 
ceptible of combining with a sufficient quaiitiqf 
oxygen to be converted into acids. 






^^P METAL8. 8SS 

^Kr CAROLINE. 

Aods (tre connected with metab in such a vit- 
iety of ways, that I am afraid uf some confusion 
L remembering them. — In the first place, acids 
ill yield their oxygen to metals. Secondly, they 
ItII combine with them in their state of oxide, to 
orm compound salts : and, lastly, several of the 
oetals are themselves susceptible of acidification. 

MRS. B. 

Very well; but though metals have so great an 
affinity for acids, it is not with that class of bodies 
alone that they will combine. They are most of 
them, in their simple state, capable of uniting with 
sulphur, with phosphorus, with carbon, and with 
leach other ; these combinations, according to the 
nomenclature which was explained to you on a 
former occasion, are called sidphwets, phasphoretSf 
carburets, Sec. 

The metallic phosphorets offer nothing very 
remarkable. The sulphurets form the peculiar 
kind of mineral called j^/rites, from which certain 
kinds of mineral waters, as those of Harrowgate, 
derive their chief chemical properties. In this 
t»mbination, the sulphur, together willt the iron, 
has so strong an attraction for oxygen, that it ob- 
• tains it both from the air and from water, and by 
condensing it in a solid form, produces the heat 
-which raises the temperature of the water in such 
ft remarkable degree. 

EMILY. 

But if pyrites obtain oxygen from water, that 
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water must suffer a decomposition, and hydi 
gas be evolved. 

MRS. B. 

That is actually the case in the hot spring&d 
luded to, which give out an extremely fetid | 
(■om|Josed of hydrogen, impregnated witli sulpll 

CAROUNE. 

If I recollect right, steel and plumbago, 
you mentioned in the last lesson, are both carbui 
of iron. 

MRS. B. 

Yes ; and they are the only carburets of mi 
consequence. 

A curious combination of melals has lately very 
much attracted the attention of the scientific world: 
I mean the meteoric stones which fall from 
atmosphere. Tliey consist principally of natii 
pure Iron, which is never found in that state in 
bowels of the earth ; and contain also a small qi 
tiiy of nickel and clirome, a combination Liki 
new ill tlie mineral kingdom. 

These circumstances have led many scientific 
persons to believe that those substances have fallen 
from the moon, or some other planet, while otiien 
are of opinion, either that they are formed in 
atmosphere, or are projected into it by 
unknown volcano on the surface of our glol 

CAROLINE. 

I have heard much of these stones, but I beliej 
niany people are of opinion that they are form 
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on the surface of the earth, and laugh at their 
pretended celestial orgin. 

MRS. B. 

The fact of their falling is so well ascertained, 
that no person, who has at all investigated the 
subject, can entertain any doubt of it. Specimens 
of these stones have been discov^^red in all parts 
of the world, and to each of them some tradition 
or story of its falj has been found connected. And 
as the analysis of all those specimens affords pre- 
cisely the same results, there is strong reason to 
conjecture that they all proceed fropi the same 
source. 

CAROO'lNE. 

But pray, Mrs. B., how can solid niasses of iron 
and nickel be formed frpm the atijaosphere, which 
consists of the two airs, nitrogen ^nd oxygen ? 

MHS. B. 

I really do not see how they cqqld, and think it 
much more probable that they fall from the moon, 
or some other celestial body. — But we must not 
suffer this digression to take up too much of our 
time. 

The combinations of metals with each other are 
called alloys ; thus brass is an alloy of copper and 
zinc ; bronze, of copper and tin, &c. 

EMILY. 

And is not pewter also a combination of metal ? 

MR^. B. 

It is. The pewter made in this country is mostly 
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composed of tin, witli a very small proportid 
zinc and lead. 

CAROLINE. 

Block-tin is a kind of pewter, I believe ? 

MRS. B. 

Properly speaking, block-tin means tin in blocks, 
or square massive ingots ; but in the sense in which 
it is used by ignorant workmen, it is iron plated 
with tin, which renders it more durable, as tin will 
not so easily rust. Tin alone, however, would be 
too soft a metal to be worked for common use, 
and all tin vessels and utensils are, in fact, made of 
thin plates of iron, coated with tin, which prevents 
the iron from rusting. 

CAROLINE. 

Say rather oxidating, Mrs. B. — Rust is a word 
which should be exploded in chemistry. 

MRS. B. 

Take care, however, not to introduce the word 
oxidate, instead of rust, in general conversation; 
for you would probably not be understood, and 
you might be suspected of affectation. 

Metals differ very much in their affinity for each 
other; some will not unite at all, others readily 
combine together, and on this property of metals 
the art of soldering depends. 



What is soldering? 

MRS. B. 

It is joining two pieces of metal togelJii 
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more fusible metal interposed between them. Thus 
tin is a solder for lead ; brass, gold, or silver, are 
solder for iron, &c. 

CAROLINE, 

And is not plating metals something of the same 
nature ? 

MRS. B. 

In the operation of plating, two metals are united, 
one being covered with the other, but without the 
intervention of a third : iron or copper may thus 
be covered with gold or silver. 

EMILY. 

Mercury appears to me of a very different nature 
from the other metals. 

MRS. B. 

One of its greatest peculiarities is, that it retains 
a fluid state at the temperature of the atmosphere. 
All metals are fusible at different degrees of heat, 
and they have likewise each the property of freezing 
or becoming solid at a certain fixed temperature. 
Mercury congeals only at seventy-two degrees 
below the freezing point. 

EMILY. 

That is to say, that in order to freeze, it requires 
a temperature of seventy-two degrees colder than 
that at which water freezes. 

MRS. B. 

Exactly so. 
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CA&OLINE. 

Bill is ibe temperature of Uie atmosphere ewr' 
so low as that ? 

MRS. B. 

Yes, often in Siberia ; but, happily, never in lhi( 
part of the globe. Here, however, mercury maj 
be coDgeided by artificial cold ; I mean such in- 
tense coid as can be produced by some chemical 
mixtures, or by the rapid evaporation of elhw 
under the air-pump.* 

CABOLINE. 

And on mercury be made to boil and eia- 
porate? 

URS.B. 

Yes, like any other liquid ; only it requires a 
much greater degree of heat. At the temperature 
of MX hundred degrees, it begins to boil and 
evaporate like water. 

Mercurv combines with gold, silver, tin, and 
with several other metals : and, if mixed with any 
of tbem in a sufficient proportion, it penetrates 
the solid metal, softens it, loses its own Suidiiy, 
and forms an amalgam, which is the name given to 
the combination of any metal with mercury form- 
"^H ^ substance more or less solid, according as the 
mercury or the other metal predominates. 

EMILY, 

In the list of metals there are some whose names 
1 have never before heard mentioned. 

"J" » process analogous lo that described, page 14*. of 
this volume. 
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MRS. B. 

Besides those which Sir H. Davy has obtained, 
tb^re are several that have been recently disco* 
vered, whosi^ properties are yet but little known ; 
as, for instanpe, titanium, which was discovered 
by the Rev. Mr, Gregpr, in the tin-mines of Corn- 
wall; columbium or tantalium, which has lately 
been discovered by Mr. Hatchett ; ^nd osmium, 
iridium, palladium, and rhodium, all of which 
Dr. WoU^ston and Mr. Tennant found milled in 
minute quantities with crude platina, and the dis- 
tinct existence of which they proved by curious 
and delicate experiments. More recently still. 
Professor Ber^elius has discovered, in a pyritic ore, 
at Fahlun, in Sweden, a metallic substance, which 
he has called selenium^ and which has the singular 
peculiarity of assuming the form of a yellow gaa 
when heated in close vessels. In some of its pro- 
perties this substance seems to hold a medium 
between the combustibles and the metals. It bear^ 
in particular a strong analogy to sulphur* 

CAROLINE^ 

Arsenic has been mentioned amongst the me- 
tals. I had no notion that it belonged to that 
class of bodies, for I had never seen it but as a 
powder, and never thought of it but as a most 
deadly poison. 

MRS. B. 

In its pure metallic state, I believe, it is less 
poisonous ; but it has so great an affinity for oxy- 
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gea, tbat it absorbs it from the atmospher 
natural temperature: you hare seeo it, tbereft 
only io its state of oxide, when, from its com 
naUon with o!«ygeii, it has acquired its very poise 
ous properties. 

CAROLINE. 

Is it possible that osygen can impart poison] 
qualities? — that valuable substance which jH 
duces light and fire, and which all bodies 
Dtiture are so eager to obtain ? 

MRS. B. 

Most of the metallic oxides axe poisoaoos, 
derive this property from their union with oxygeoi 
The white lead, so much used in paint, 
pernicious effects to oxygen. In general, 
in a ;:uacreCe state, appears to be particularly 
struct! ve in its effects OD Qeshoraujanioial 
and those oxides are most caustic that have 
acrid burniug taste, which proceeds from the mc 
having but a slight affinity for oxygen, and the 
fiire easily yielding it to the flesh, which it 
and destroys. 



^'bat is the meaning of the word caustic, 
you have just used? 

MRS. B. 

It expresses that property which some bodial 
possess, of disorganising and destroying 
wtter, by operating a kind of combustion, tx il 
a chemical decomposition. You most \aM 
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heard of caustic used to bum warts, or other ani* 
mal excrescences ; most of these bodies owe their 
destructive power to the oxygen with which they 
are combined. The common caustic, called lunar 
caustic^ is a compound formed by the union of 
nitric acid and silver ; and it is supposed to owe 
its caustic qualities to the oxygen contained in the 
nitric acid. 

CAROLINE. 

But, pray, are not acids still more caustic than 
oxides, as they contain a greater proportion of 
oxygen ? 

MRS. B. 

Some of the acids are ; but the caustic property 
of a body depends not only upon the quantity of 
oxygen which it contains, but also upon its slight 
affinity for that principle, and the consequent 
facility with which it yields it. 

EMILY. 

Is not this destructive property of oxygen ac- 
counted for ? 

MRS. B, 

It proceeds, probably, from the strong attraction 
of oxygen for hydrogen ; for if the one rapidly ab- 
sorb the other from the animal fibre, a disorgani- 
sation of the substance must ensue. 

EMILY. 

Caustics are, then, very properly said to him 
the flesh, since the combination of oxygen and hy- 
drogen is an actual combustion. 



CAROLINE:. 

Kow, 1 think, this effect would be more || 
perly termed an oxidation, as there is no iH^ 
gageinent of light and heat. 



s a sensation of best prodlH 



But there reall; 
by the action of 

EMILY. 

If oxygen is so caustic, why does not thatv 
is contained in the atmosjihere bum us ? 

MRS. B. 

Because it is in a gaseous state, and hu 
greater attraction for its caloric than for I 
hydrogen of our bodies. Besides, should the air 
be slightly caustic, we are in a great mcasore 
sheltered from its effects by the skin ; you k 
how much a wound, however trifling, smai 
being exposed to it. 

TAnOLIN 

It is a curious idea, however, that we i 
live in a slow Are. But if the air were c 
would it not have an acrid taste ? 



It possibly may have such a taste ; though in 
slight a degree, that custom has rendered it insen- 
sible. 

CA no LINE. 

And why is not water caustic? When I dipl 
h.ind into water, though cold, it ought to burO: 



from the caustic nature of its 



oxygen. 



I 
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MRS. B. 

Your hand does not decompose the water : the 
oxygen in that state is much better supplied with 
hydrogen than it would be by animal matter; and 
if its causticity depend on its affinity for that prin- 
ciple, it will be very far from quitting its state of 
water to act upon your hand« You must not for- 
get that oxides are caustic in proportion as the 
oxygen adheres slightly to them. 

EMILY. 

Since the oxide of arsenic is poisonous, its acid, 
I suppose, is fully as much so ? 

MRS. B. 

Yes; it is one of the strongest poisons in nature. 

EMILY. 

There is a poison called verdigris^ which forms 
on brass and copper when not kept very clean ; 
and this, I have heard, is an objection to these 
metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

MRS. B. 

It is produced by the intervention of oxygen ; 
for verdigris is a* compound salt formed by the 
union of vinegar and copper ; it is of a beautiful 
green colour, and much used in painting. 

EMILY. 

But, I believe, verdigris is often formed on cop- 
per when no vinegar has been in contact with it. 

MRS. B. 

Not real verdigris, but other salts, somewhat 
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re!<einbling it, may be produced by tbc ai 
other acids on copper. 

The solution of copper in nitric acid, if cvapfr 
rated) affords a salt which produces an effect n 
tin that will .surprise you; and I have prepartdj 
some from the solution we made before, that! 
might show it to you. I shall first sprinkle some 
water on this piece of tin-foil, and then some of 
the salt. — Now observe that I fold it Up suddaih*, 
and press it into one lump. 

CAROLINE. 

What a prodigious vapour issues from il! — and 
sparks of fire, I declare I 

MRS. B. 

I thought It would surprise you. The effect, 
however, I dare say you could account for, ancu 
it is merely the consequence of the oxygen of ibe 
salt rapidly entering into a closer combinalton with 
the tin. 

There is also a beautiful green salt too curious 
to be omitted ; it is produced by the combination 
of cobalt with muriatic acid, which has the singular 
property of forming what is called sympathetie ifJr- 
Characters written with this solution are JaviiiWe 
when cold, but when a gentle heatissupplieclitltej 
assume a fine blueish-green colour. 

CAnOLINE, 

I think one might draw very curious landBCapef 
with the assistance of this ink. I would first maVe 
luwster-colour drawing of a winter scene, iji whicii 



t^e trees should be leafless, and the grass scarcely 
green ; I would then trace all the verdure with 
jthe invisible ink, and whenever I chose to create 
.spring, I should hold it before the lire, and its 
iwarmth would cover the landscape with a rich 
Foliage. 

MRS. B. 

Tliat would be a very amusing experiment, and 
I advise you by all means to try it, 

I have promised to conclude our revision of the 
simple bodies by introducing to your acquaintance 
the curious metals which Sir H. Davy recently 
discovered- The history of these extraordinary 
bodies is yet so much in its infancy, that I shall 
confine myself to a very short account of them ; it 
is more important to point out to you the vast and 
apparentlyinexhaustiblefield of research which has 
been thrown open to our view by Sir H. Davy's 
memorable discoveries, than to enter into a minute 
nccount of particular bodies or experiments. I 

CAROLINE, 1 

But I have heard that these discoveries, however 
splendid and extraordinary, are not very likely to 
prove of great benefit to the world, as they are i 
rather objects of curiosily than of use, j 

MRS. B. I 

Such may be the illiberal conclusions of the Ig- I 

, norant and narrow-minded; but those who can 

duly estimate the advantages of enlarging the J 

sphere of science, must be convinced that the ac- ] 

VOL. 1. Q J 
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(juisition of every new fact, however unconni 
it may at first appear with pi-aciical utility, 
ultimately prove beneficial to tnaiiktnd. But 
remarks are scarcely applicable to thi 
subject i for some of' the new metals have ali 
proved eminently useful as chemical agents, and 
are likely soon to be employed in the arts. For 
tiie enumeration of these meCuls, I must refer ymi 
to the .Id and 4-lh division, of the 3d class, of ooT 
list of simple bodies; they are derived from 
alkalies, the earths, and three of the acids, 
which had been hitherto considered as undi 
jioundable or simple bodies. 

When Su: H. Davy first turned his attenl 
the effects of the Voltaic batteiy, he tried its 
on a variety of compound bodies, and gradi 
brought to light a number of new and intei 
facts, which led the way to more important 
veries. It would be highly interesting to trace' 
steps in this new department of science, but il 
would lead us too far from our principal object. 
A general view of his most remarkable discoveries 
is all that I can aim at, or that you could, at pre- 
sent, understand. 

The facility with which compound bodies yielded 
to the Voltaic electricity, induced him to make 
trial of its effects on substances hitlierto considered 
as simple, but which he suspected of being com- 
pound, and his researches were soon crowned 
with the most complete success. 

The body which he first submitted to the 
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taic battery, and which had never yet been decom- 
posed, was one of the fixed alkalies, called potash. 
This substance gave out an elastic fluid at the 
positive wire, which was ascertained to be oxygen, 
and at the negative wire, small globules of a very 
high metallic lustre, very similar in appearance to 
mercury ; thus proving that potash, which had 
hitherto been considered as a simple incombusti- 
ble body, was, in fact, a metallic oxide; and 
that its incombustibility proceeded from its being 
already combined with oxygen. 

EMILY. 

I suppose the wires used in this experiment 
were of platina, as they were when you decom- 
posed water ; for if of iron, the oxygen would 
have combined with the wire, instead of appearing 
in the form of gas. 

MRS. B. 

Certainly: the metal, however, would equally 
have been disengaged. Sir H. Davy has distin- 
guished this new substance by the name of potas- 
sium, which is derived from that of the alkali, 
from which it is procured. I have some small 
pieces of it in this phial, but you have already seen 
it, as it is the metal which we burnt in contact with 
sulphur. • 

EMILY. 

What is the liquid in which you keep it? 

MRS. B. 

It is naphtha, a bituminous liquid, with which I 

Q2 
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shall hereafter make you acquainted. It is aia 
the only fluid in which potassium can be preserve 
as it contains no oxygen ; and this metal has so 
powerful an attraction for oxygen, that it will not 
only absorb it Irom the air, but likewise from 
water, or any body whatever in which it is con- 
tained. 



This, then, is one of the bodies which oxidates 
spontaneously without the applicatioa of heat ? 



Yes ; and it has this remarkable peculiarity, 
that it attracts oxygen much more rapidly from 
water than from air ; so that when thrown into 
water, however cold, it actually bui-sts into flame. 
I shall now throw a small piece, about the size of 
a pin's head, on this drop of water. 

CAROLINE. 

It instantaneously exploded, producing a little 
Hash of light ! This is, indeed, a most curious 
substance ! 






By its combustion it is reconverted into pot* 
and as potash is now decidedly a compound b 
1 shall not enter into any of its properties dll we 
have completed our review of the simple bodies ; 
but we may here make a few observations on its 
basis, potassium. If this substance be left in con- 
tact with air, it rapidly returns to the state of pot- 
ash, with a disengagement of heat, but wit hoW 
:iny flash of lighl. ^^~ 
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EMILY, 

Is it not very singular that it should bum better 
in water than in air? 

CAROLINE. 

I do not think so : for if the attraction of potas- 
sium for oxygen is so strong, that it finds no more 
difficulty in separating it from the hydrogen in 
water, than in absorbing it from the air, it will no 
doubt be more amply and rapidly supplied by 
water than by air. 

MRS. B. 

That cannot, however, be precisely the reason : 
for when potassium is introduced under water, 
without contact of air, the combustion is not so 
rapid, and, indeed, in that case, there is no lumi- 
nous appearance ; but a violent action takes place, 
much heat is excited^ the potash is regenerated, 
and hydrogen gas is evolved. 

Potassium is so eminently combustible, that in- 
stead of requiring, like other metals, an elevation 
of temj[)erature, it will burn rapidly in contact with 
water, even below the freezing point. This you 
may witness by throwing a piece on this lump of 
ice. 

CAROLINE. 

It again exploded with flame, and has made a 
deep hole in the ice. 

MRS. B. 

' This hole contains a solution of potash ; for the 
alkali being extremely soluble, disappears in th« 

2 3 
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water at the instant it is produced. Its presence, 
however, may be easily ascertained, alkalies having 
the property of" changing paper, stained with tur- 
meric, to a red colour ; if you dip one end oftbe 
slip of paper into the hole in the ice, you will 
see it cliaiige colour, and the same, if yon wet it 
with a drop of water in which the first piece of 
potassium was burnt. 



CAROLINE. 

It has indeed changed the paper from yelloi 
red. 



\ 



Tliis metal will burn likewise tn carbonic acid 
gas, a gas which had always been supposed inca- 
pable of supporting combuslioii, as we were unac- 
quainted with any substance which had a greater 
attraction for oxygen than carbon. Putassium, 
howevei", readily decomposes this gas, by absorb- 
ing its oxygen, as I shall show you. This retOTI 
is filled with carbonic acid gas. I will put a small 
piece of potassium in it ; but for this combustion 
a slight elevation of temperature is required, for 
which purpose 1 shall hold the retort over the 

CAUOLINE. 

Now it has taken fire, and burns with violence: 
it has burst the retort. 

MRS. B. 

Here is the piece of regenerated potosli : an 
you tell me why it has become so black ? 
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EMILY. 

No doubt it is blackened by the carbon, which, 
'hen its oxygen entered into combination with 
le potassium, was deposited on its surface. 

MRS.B. 

You are right. Potassium is perfectly fluid at 
e temperature of one hundred degrees ; at fifty 
legrees it is solid, but soft and malleable; at 
hirty-two degrees it is hard and brittle, and its 
ractnre exhibits an appearance of confused crys- 
BlUstttion. It is scarcely more than half as heavy 
s water ; its specific gravity being about six when 
rater is reckoned at ten : so that this metal is 
tctually lighter than an; known liquid, even than 
fther. 

^ Potassium combines with sulphur and phospho- 
, forming sulphurets and phosphorets; it like- 
vise forms alloys with several metals, and amal- 
gamates with mercury. 

CAROLINE. 

How very singnlar that a metal should be lighter 
Hn any liquid ! But can a sufficient quantity 
potassium be obtained, by means of the 
Voltaic battery, to admit of all its properties 
id relations to other bodies being satisfactorily 
icwtained ? 

MRS. B. 

Not easily. I must not neglect to inform you 
rat a method of obtaining this metal in consider- 
ile quantities has since been discovered. Two 
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[ eminent French chemists, Messrs. Thenard 
Gny LuBsac, who, stimulated by the triumph «I 
Sir H. Davy had obtaioed, attempted to se] 
potassium from its combination with oxygeii, 
common chemical means, and without the aid 
electricity. They caused red-hot potash in asU 
of fusion to filter through iron turnings in an ir 
lube, heated to whiteness. Their experimentw 
crowned with the most complete success : more p 
tassium was obtained by this single operation, di 
could have been collected in many weeks byti 
most diligent use of the Voltaic battery. 

EMILY. 

In this experiment,'! suppose, the oxygen ^iltlt 

its combination with the potassium to unite v"^^ 
the iron turnings ? 

MRS, B. 

Exactly so; and the potassium was thuS^ 
tained in its simple state. From that time it' 
become a most convenient and powerful 
ment of deoxygenation in chemical experii 
This important improvement, engrafted on I 
H. Davy's previous discoveries, served but to a 
to his glory, since the facts which he had 65 
blished, when possessed of only a tew alomtf 
this curious substance, and the accuracy of' 
malytical statements, were all confirmed when 
opportunity occurred of repeating his expertnlS 
1 this substance, which can now be 
ted (juaniities. 
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^ CAROLINE. 

1 what a satisfaction Sir H. Davy must have felt, 
ben by an effort of genius he succeeded in bring- 
g to light, and actually giving existence to these 
lus bodies, which without him might perhaps 
ive ever remained concealed from our view ! 



,The next substance which Sir H. Davy sub- 
|ttetl to the influence of the Voltaic battery was 
K^a, the other fixed alkali, which yielded to the 
tne powers of decompostion ; from this alkali a 
etallic substance was also obtained, very ana- 
gous in its properties to that which had been 
gcovered in potash; Sir H. Davy has called it 
iDiTM. It is rather heavier than potassium, 
iDugh considerably lighter than water; it is not 
I easily fusible as potassium. 
Encouraged by these extraordinary results. Sir 
t. Davy next performed a series of beautiful ex- 
erixnents on Ammtmia, or the volatile alkali, which, 
he was led to suspect might also 
oxygen. This he soon ascertained to 
! the fact, but he did not succeed in obtaining 
e basis of ammonia in a separate state : it is from 
lalogj', and from the power which the volatile 
kali has, in its gaseous form, to oxidate iron, 
id also from the amalgams which can be ob- 
bed from ammonia by various processes, that 
B proofs of that alkali being also a metallic 
side are deduced. 
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Thus, then, the three alkalies, two of v 
hnd always been considered as simple be 
have now lost all claim to that title, and I have 
accordingly classed the alkalies amongst the com- 
pounds whose properties we sball treat of in A 
luture conversation. 

The oilier newly-discovered metals are obtained 
from the earths which became next the object of 
Sir H. Davy's researches ; these bodies had never 
yet been decomposed, though they were stron^y 
suspected not only of being compounds, but of 
being metallic oxides. From the circumstance of 
their incombustibility it was conjectured, with some 
plausibility, that they might possibly be bodies 
which had been already burnt. 

CAROLINE. 

And metals, when oxidated, become^ to 
pearance, a kind of earthy substance. 

MUS. B. 

Thev have, besides, several features of 
blance with metallic oxides ; Sir H. Davy 
therefore, great reason to be sanguine in his ex* 
pectations of decomposing them, and he was not 
disappointed. He could not, however, succeed in 
obtaining the basis of the earths in u pure separate 
state : but metallic alloys were formed with other 
metals, which sufficiently proved the existence of 
the metallic basis of the earths. 

The last class of new metallic bodies which S8^ 
H- Davy discovered was obtained from the 
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imdecompounded acids, the boracic, the fluoric, 
and the muriatic acids; but as you are entirely 
unaoquaintej^ with these bodies, I shall reserve the 
account of their decomposition till we come to treat 
of their properties as acids. 

Thus in the course of two years, by the unpa- 
rfilleled exertions of a single individual, chemical 
science has assumed a new aspect. Bodies have 
been brought to light which the human eye never 
before beheld, and which might have remained 
eternally concealed under their impenetrable 
disguise. 

It is impossible at the present period to appre- 
ciate to their full extent the consequences which 
science or the arts may derive from these dis- 
coveries; we may, however, anticipate the most 
important results. 

In chemical analysis we are now in possession 
of more energetic agents of decomposion than were 
ever before known. 

In geology new views are opened, which will 
probably operate a revolution in that obscure and 
difficult science. It is already proved that all the 
earths, and, in fact, the solid surface of this globe, 
are metallic bodies mineralised by oxygen ; and as 
our planet has been calculated to be considerably 
more dense upon the whole, than it is on the sur- 
&ce, it is reasonable to suppose that the interior 
of the earth is composed of a metallic mass, the 
surface of which only has been mineralised by the 
atmosphere. 
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